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INTRODUCTION. 

The writers of this paper were requested by the Sanitary 
District of Chicago, in the fall of 1903, to conduct some experi- 
ments upon the life of the typhoid bacillus in the waters of Lake 
Michigan, the Chicago Drainage Canal, and the Illinois River. 
The purpose of these experiments was to shed light upon the 
question as to whether the typhoid bacillus could survive the pas- 
sage from the Chicago Drainage Canal to the mouth of the Illinois 
River, under the conditions obtaining in the latter stream. The 
particular circumstances leading to this inquiry have been fully 
set forth by one of us elsewhere 1 and need not be here rehearsed. 

Previous experiments that have been made to determine the 
longevity of the typhoid bacillus in water have been conducted, 
for the most part, if not wholly, in glass vessels in a laboratory, and 
have been carried on under such varied conditions of temperature, 
character of water, and number and age of bacteria introduced, 
that widely divergent conclusions have been reached by different 
observers. From these experiments, however, substantial accord 
has resulted on two points: first, that typhoid bacilli die out more 

* Received for publication May 10, 1904. 
i Jordan, Jour. Exper. Med., 1901, 5, p. 271. 
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rapidly in unsterilized water than in the same water sterilized by 
heat ; second, that when typhoid bacilli are introduced into unsteril- 
ized water containing little organic matter, their longevity is more 
prolonged than in water charged with considerable organic matter. 1 
As regards application of results hitherto obtained to particular 
cases the available evidence appears to indicate that the conditions 
of laboratory experiments are so far removed from the conditions 
found in nature as to afford conclusions of doubtful value. 
Especially in experimental work designed to test the so-called 
self -purification of streams it would seem desirable to conform to 
natural conditions, so far as practicable, in order to secure any 
very cogent evidence. 

Division of the work. — The work at the several stations selected for 
observation was definitely assigned to individuals who were responsible for 
the carrying out of details. In this way practically three independent experi- 
ments were executed simultaneously with the same strains of typhoid cultures. 
The details of the work were varied somewhat, yet the methods pursued were 
essentially the same in all cases. 

The proximity of four of the experiment stations to Chicago rendered it 
possible to conduct the work in the laboratories of the Northwestern Univer- 
sity and the University of Chicago. Acknowledgment is made in this con- 
nection of the services of those who have been engaged in various parts of the 
investigation. 

Experiments upon Lake Michigan and Chicago River water were carried 
out by Professor F. R. Zeit, with the co-operation of Dr. V. H. Bassett. Dr. 
Bassett also added some independent experiments on the longevity of the 
dysentery bacillus, which are incorporated in this paper. 

Experiments on the Drainage Canal at its upper (Robey Street) and lower 
(Lockport) ends were conducted by Professor E. O. Jordan, with the assist- 
ance of Dr. Norman MacLeod Harris, Dr. Ernest E. Irons, and Miss Mary 
C. Lincoln. We are especially indebted to Dr. Harris for the preparation and 
testing of the special culture media used in the work of isolation. A special 
report by him on the comparative value of the media will follow in a later 
number of this Journal. 

The studies on the Illinois River, under the direction of Professor H. L. 
Russell, were carried out in the biological laboratory of the Bradley Poly tech- 
nic Institute at Peoria, 111., the facilities of which were kindly placed at our 
disposal by Professor Wales M. Packard. The work of securing the 
samples and the isolation of presumptive typhoid colonies was done by Mr. 
E. G. Hastings. The cultures were then sent to the University of Wisconsin 
at Madison, where they were subjected to further study and identification by 
Professor Russell, who was assisted in this work by Professor W. D. Frost 
and G. J. Marquette. 

1 E. g., Fbankland, Ztschr.f. Hug., 1895, p. 19, 393. 
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TECHNIQUE. 
Isolation of cultures. — It was considered important to employ 
freshly isolated typhoid cultures in the experiments, since one of 
the writers 1 had shown that a difference exists, as regards lon- 
gevity in water, between freshly isolated strains and those kept 
under cultivation for some time. Three cultures, designated 
respectively as B. typhosus "x," "y," and "z," were accordingly 
procured for the purpose. 

B. typhosus x was isolated on September 22, 1903, from the blood of a 
typhoid fever patient. The symptomatology of this case was typical, and the 
bacillus was obtained in pure culture from the blood. The case terminated 
fatally, and the autopsy showed the characteristic lesions. 

B. typhosus y was isolated October 1, 1903, from the urine of a typhoid 
fever patient, showing typical symptoms, and responding positively on the 
tenth day of the disease to the agglutination test. This bacillus was used in pure 
culture for some inoculations, and the urine of this patient, containing typhoid 
bacilli, was also used for direct inoculation into some of the sacs. 

B. typhosus z was isolated September 28, 1903, from the feces of a typhoid 
fever patient. The case was perfectly typical and terminated fatally. 

These three strains were critically examined as regards all of 
their biological characters, and proved to be thoroughly typical 
cultures of the typhoid bacillus. All three agglutinated in high 
dilutions (1:1,000) with the serum of a rabbit immunized with 
the University of Chicago laboratory stock culture of B. typhosus. 2 

The use of these newly isolated strains, and their introduction, 
both directly and in the urine of the typhoid fever patient, into 
the waters studied, was thought to afford a reasonably close 
approximation to natural conditions. 

Method of exposing bacilli to canal and river icaters. — The 
organisms in a flowing stream are subjected to a more or less chan- 
ging environment, varying according to local circumstances; hence, 
if natural conditions were to be precisely imitated, it would be neces- 
sary to subject the bacteria to these changing conditions. Mani- 
festly such a course as this would be difficult to carry into effect, 
but the difficulty may be partly overcome by selecting for experi- 

i Jordan, Med. News, Sept. 28, 1895. 

2These freshly isolated cultures did not, however, agglutinate in as high dilutions as 
typhoid strains that had been under cultivation in this laboratory for some months or 
years. These latter agglutinated in dilutions of about 1 : 10,000 with this same serum. — 
E. O. J. 
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mentation different points along a stream, choosing these so as to 
represent wide ranges in conditions. In the present case a great 
difference in conditions exists between the highly polluted Chicago 
River or the upper portion of the Drainage Canal, and the purified 
water in the lower stretches of the Illinois River. Accordingly 
the following stations were selected for experiment: 

TABLE I. 



No. 



1 

2 
3 

1 



Station 



Lake Michigan (tap supply at 2400 Dearborn 
St. derived from " Four-Mile Crib ") 

Chicago Kiver, Ashland Ave 

Head of Drainage Canal, Robey St. ,Chicago. . . 

Mouth of Drainage Canal, Bear Trap Dam, 
Lockport, 111 

Illinois River, Avery ville 



Distance from 
Lake Michig'n 



Miles 



5H 
6 

34 

125 



Time of Flow 



Days 





By exposing the several strains of typhoid organisms to these 
various waters it was thought that the range in conditions would 
be nearly as great as would be encountered in the natural passage 
downstream. 

Use of permeable sacs. — The errors introduced by using ordi- 
nary glass containers in work of this character have been clearly 
shown by Ficker, 1 and again very recently by Hesse. 2 In our 
experiments the attempt has been made to expose the typhoid 
organism under as nearly natural conditions as possible, taking 
into consideration the difficulties which necessarily obtain in 
recovering the organism from the water. For this purpose per- 
meable sacs of parchment or celloidin were employed, which were 
filled with canal or river water taken at the respective stations, 
and then infected with typhoid bacilli. 

Celloidin sacs. — Celloidin capsules were first used in bacteriological 
work by Morpurgo and Tirelli in 1892 3 for the cultivation of tubercle bacilli. 
The method has since been used and perfected by various investigators with 
more or less success. Metchnikoff, Roux, and Salimbeni * used it for their 
studies of cholera toxin ; Nocard and Roux, 5 for their studies of pleuropneu- 
monia in cattle ; and Nocard, 6 in his attempt to transform human into avian 
tubercle bacilli. McCrae 7 in his studies of agglutination devised a simpler 

1 Ztschr. f. Hyg., 1895, 29, p. t. 2 Ibid., 1904, 46, p. 1. 

3 Archives ital. de Biol., 1892, 18, p. 187. * Ann. de Vlnst. Past., 1898, 10, p. 257. 

» Ibid., 1898, 12, p. 270. » Ibid., 1898, 12, p. 561. 

''Jour. Exper. Med., 1901, 5, p. 635. 
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and more practical method, which, was still further perfected by Harris. 1 

The successful use of celloidin sacs in bacteriology by these investigators 
led one of us (F. R. Z.) to employ Harris's method in these experiments. 

The sac became somewhat brittle and less flexible after about ten days' 
exposure in the water. Breaks occurred but rarely, and then only at the 
joint of the glass tube and sac, or along the middle of the sac, where the 
original joint of the gelatin capsule had been. In the river the sacs became 
coated with a slimy deposit in about five days, but the integrity of the sac 
was not affected by it for several weeks. 

These celloidin sacs and their contents were suspended in running tap 
water (Lake Michigan water) in a large glass receptacle containing six liters 
of water, one liter of which was replaced every one or two minutes. The 
glass tubes were cotton-stoppered, and held by burette clamps so that the 
sacs and the lower portion of the glass tubes were submerged. 

The celloidin sacs used in the Chicago River were sealed and immersed 
in the water. They were protected from floating debris by being inclosed in 
a box, to which the water had free access. 

The sacs were tested by submerging them in water, blowing into the 
glass tubes, and looking for air bubbles. If no air bubbles were detected, 
they were filled with a watery solution of egg albumin and suspended in a 
small jar containing water for twenty-four to forty-eight hours. The outside 
water was tested for albumin. After the integrity of the sacs was established 
by these two tests, their osmotic property was tested by solutions of salt and 
sulphate of magnesia. 

For the collection of samples of river water it was found necessary to 
bring one entire sac to the laboratory daily. In the case of the Lake Michi- 
gan tap water, we were able, due to the conveniences of conducting the experi- 
ments in the laboratory, to take out small portions by means of a sterile 
capillary pipette. 

Although the method of using permeable sacs made of cel- 
loidin has been employed for several years, so far as we are aware 
this technical method has not before been applied to a study of 
the present character. In addition to using celloidin sacs, another 
method was practiced in which the typhoid cultures were exposed 
in sacs made of vegetable parchment, such as are commonly 
employed in laboratories for dialyzing work. This method has 
been previously used by one of us, 2 with success, in studying the 
influence of certain environmental factors on growth of milk 
bacteria. 

Dialysis occurs more or less rapidly in such sacs, and therefore 
any disturbance in equilibrium is quickly restored by osmosis. 
Dialyzable substances in the water, either inside or outside of the 

1 Bull. Johns Hopkins Hosp., 1902, 13, p. 112. 

'■* Russell, Eighteenth Report, Wis. Agr'l, Exper. Sta., 1901, p. 165. 
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sac, would therefore be able to pass in or out. If the water out- 
side of the sac was rich in organic matter and bacteria, and con- 
sequently contained a large amount of soluble products formed by 
these organisms, the osmotic pressure might result in an inflow 
that would continue until equilibrium was established. On the 
other hand, if abundant growth occurred in the sac, such as is 
usually observed when a small quantity of water is confined in a 
glass bottle, the effect of this excessive growth might be dimin- 
ished by the outflow of such soluble growth products. By 
establishing such a state of equilibrium it would seem that the 
conditions within the sac must approach much more nearly to 
those which obtain in the flowing stream than would be possible 
where diffusion or osmosis is excluded. 

Parchment sacs. — The parchment used in this work is purchased in the 
form of long tubes with a diameter of about 2.5 inches. This tubing was cut 
into lengths so that each sac would hold from 200 to 700 c.c. of liquid. In the 
experiments in the Illinois River at Averyville (H. L. R.) the sacs were made 
by folding about 6 inches of the tubing back and forth on itself, making at 
least eight thicknesses, which was then clamped tightly with strong clamps. 
In the Averyville experiments both ends of the sacs were closed. 

In the experiments in the Drainage Canal (E. O. J.) the tubes were closed 
at one end by folding a number of times and then sealing tightly with a 
mixture of resin and tallow (8 : 1). The upper end of the sac was fastened to 
a piece of glass tubing % inches in diameter and 6 inches long, the lower end 
of which was drawn out so that a firm union was made with the parchment 
by binding the moistened parchment around the tube at the point of 
constriction. The lower end of the parchment section of the tube (22 inches 
long) was sealed by turning up the end (1% inches), rolling it tightly and 
wrapping with thread. Both the upper and lower joints were saturated with 
a mixture of resin and tallow. The capacity of the completed tube was 
700 c.c. After about three or four days in the water, the sacs became 
coated with a dark, slimy, later shaggy, material, which on microscopic 
examination was seen to consist of a species of bryozoa. The same growth is 
found on all submerged planks and debris in the vicinity. This growth was 
most marked at Robey Street (upper end of Drainage Canal), but was seen to 
a less degree at Lockport (lower end). 

The sacs exposed in the Illinois River at Averyville began to show small 
circular spots on the outside after they had been in place four or five days. 
These areas gradually increased in size for a time, but never became con- 
fluent. An examination showed the hyphal filaments of a pinkish fungus. 
In the course of about two weeks the portions of the parchment sac affected 
in this way softened under the development of cytolytic enzymes, so that the 
sacs were quite readily ruptured. After losing several sacs in this way in the 
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course of eleven or twelve days, the contents of the remaining sacs were 
transferred to new tubes after they had been immersed about a week. 

When properly prepared, this parchment tubing is firm and tough, and 
capable of withstanding considerable rough treatment. Care must be taken, 
however, in selecting the sacs, as they are frequently defective along the 
seams. The sacs were first tested by filling and suspending in air, rejecting 
any which showed any signs of leakage. Their integrity was also tested in 
the following way: Sacs were filled with water, then immersed in cylinders 
filled with water, after which the whole apparatus was sterilized in the auto- 
clave. In some cases the outside water was inoculated with typhoid bacilli, 
and in others the infection was made on the inside of the parchment sacs. 

In carrying out the experiments in the water of the Drainage Canal, the 
parchment sacs were suspended within a frame covered with wire screen. 
This frame was made of pine strips and was four feet long, three feet wide, 
and three and one-half feet deep. The bottom, top, and lower five sixths of 
the sides and ends were covered with wire screen ; the upper six inches of the 
sides and ends of the box, and the sides and ends of the cover, which were six 
inches deep, were made of one-inch pine fencing. The top opened on hinges, 
and was fastened in place by hasp and padlock. The box, as a whole, was so 
placed that it floated with the water-level at about the lower margin of the 
upper solid half of the body. The part above water was thus of boards and 
served to protect the contents from waves made by passing vessels or by 
high winds. 

Within the box were several cross strips about one inch above the water- 
level, in which, at intervals of about two inches, slots were cut to receive the 
glass ends of the tubes. Opposite each slot was a staple through which was 
passed a cord attached to the sac to hold it securely in place. To guard 
further against the tipping of the sacs, small strips were fastened across the 
slots so as effectually to prevent accidental dislodgment. At the lower end 
of each sac a small lead weight was attached which kept the sac in a vertical 
position in the water. A cord was also fastened to the lower end by which 
the sac was brought to the surface and its contents agitated at the time of 
taking samples. The sacs were open to the air at the upper end, through the 
glass tube, allowing free interchange of air and gases. Owing to the slight 
wave-motion usually present, there was a fairly constant, though slight, 
movement of the body of the sacs. 

Two points in the Drainage Canal were selected for carrying out the 
experiment, one box being placed in the water at Robey Street near the 
mouth of the canal, and the other at Lockport near the Bear Trap Dam, 
twenty-eight miles from Robey Street. In all the experiments the sacs were 
filled with water taken from the Drainage Canal at the point where the experi- 
ment was being performed; and into the sacs thus filled typhoid bacilli were 
immediately introduced. Several sacs were always inoculated at the same 
time and in the same way, to avoid the danger of a break in the experiment 
through possible mischance. 

Owing to the frequency of high waves in the Illinois River at Averyville, 
it was found necessary to submerge the sacs about six inches below the sur- 
face of the water. The sacs were placed in galvanized iron cylinders, the top 
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and bottom of which were covered with a coarse wire netting, to which the 
sacs were firmly clamped. The covers to these cylinders were padlocked, and 
the whole apparatus was lowered into the river at midstream, just above the 
Averyville wagon bridge. 

Seeding the sacs with typhoid cultures. — The sacs were first 
filled with the respective waters taken from the different stations, 
and then seeded with homogeneous suspensions of fresh cultures 
of the different typhoid strains. The range used in the Lake 
Michigan and Chicago Eiver experiments .was from 500 to 
2,000,000 typhoid bacilli per c.c. ; in the Drainage Canal, 180 to 
857,000 per c.c. ; and in the waters of the Illinois River, from 540 
to 20,400 per c.c. The data as to the seeding are supplied in 
more detail in connection with the tabular matter later presented. 

It is important to determine the absolute number of typhoid 
organisms exposed to the influence of the river water, but it is 
perhaps more important to note the relation that exists between 
the bacteria normally present in the various waters and the 
typhoid bacilli introduced. The extent of typhoid seeding should 
therefore be studied from the relative as well as the absolute 
point of view. 

The sewage-polluted waters of the Chicago River and the 

Drainage Canal contain a varying, but always a large, number of 

organisms, while the waters from the Lake and the Illinois River 

are relatively low in bacteria. From observations made on the 

germ-content of the river and canal, the following data as to the 

average bacterial content of the water at the different stations are 

presented: 

TABLE II. 

Normal Bacterial Content of Waters Taken at Different Stations, 
Compared with Typhoid Seedings. 



Stations 



Lake Michigan 

Chicago River 

Drainage Canal (Robey Street) 
Drainage Canal (Lockport) 
Illinois River (Averyville) 



Bacteria pee Cubic Centimeter 



Water and Sewage 
Forms 



68- 2,000 

80,000-1,500,000 

100,000- 400,00(1 

100,000- 400,000 

1.800- 4,000 



Typhoid Bacilli 
Added. 



540-1,184,000 
500-2,000,000 
670- 857.100 
180- 360,000 
540- 20,400 
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It is evident from the foregoing that the number of typhoid 
bacilli introduced into the respective waters was usually a large 
proportion of, and often surpassed, the number of bacteria of all 
kinds naturally found in such waters. 

Method of isolating the typhoid bacilli. — Particular attention 
was given to the problem of isolating typhoid bacilli in the pres- 
ence of sewage bacteria. Many media have been proposed for 
this purpose, and a number of the most promising were tested 
with a view to possible utilization. 

One of us (F. R. Z.) made a comparative study of the value of the follow- 
ing methods for the detection of small numbers of typhoid bacilli in badly 
polluted waters, which will be the subject of a future paper: 

1. Special culture methods. 

a) Drigalski-Conradi method. 1 

6) Drigalski-Conradi agar plates, followed by subcultures in Hiss 
tubes. 

2. Direct agglutination method for large quantities of water. 
a) Hagemann method. 2 

3. Enriching methods with agglutination. 

a) Schepilewsky's modification of Windelbandt's method. 3 

b) Altschuler's method. 4 

i. Chemical precipitation method for large quantities of water. 
a) Schuder. 5 

Of these the Drigalski-Conradi method, followed by subcultures in Hiss 
tubes, was used extensively, and gave excellent results where small quantities 
of water had to be used for examination. Altschuler's and Schtlder's methods 
both proved highly efficient in the examination of large quantities of water 
for typhoid bacilli. 

Thanks are due to Messrs. Parke, Davis & Co., of Detroit, for kindly fur- 
nishing us an antiserum of very high agglutinating power, together with 
cultures of their strain " O " B. typhosus, used in immunizing the horse from 
which this serum was obtained. 

In the work on the Drainage Canal (E. O. J.) four media were chiefly- 
used, viz.: 

a) The medium of Drigalski and Conradi. 1 This was modified from the 
original description of these writers by leaving out the nutrose, sodium 
chloride, and the solution of water-free sodium carbonate, and by filtering the 
mixture before adding the litmus lactose solution. In this way a much 
clearer medium was secured which contained scarcely any flocculent precipi- 
tate after being sterilized thrice in the steam bath. 

b) A modification of MacConkey's medium. 6 At first the original Mac- 
Conkey medium, as modified by Grunbaum and Hume, was used, but this 
was found to have very little restraining power upon the sewage bacteria, so 

1 Ztschr. f Hyg., 1902. 39, p. 283. 2 Centralbl. f. Bakt., 1903, 33, Apr. 22, p. 743. 

3 Ibid., Feb, 6, 1903, 33, p. 394. *Ibid., Apr. 22, 1903, 33, p. 741. 

o Ztschr. f. Hyg., 1903, 42, p. 317. » Brit. Med. J<mr., 1902, Pt. I, p. 1473. 
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that crystal violet solution (1 g. to 100 c.c.) was added in the proportion of 
83 c.c. per liter of the medium, and the technique was further altered in the 
following manner: After the agar and peptone were dissolved, the medium 
was made 1.8 acid to phenolphthalein by adding a sodium hydrate solution, 
and the mass was autoclaved for five minutes at 120° C, cooled, cleared with 
white of egg, and filtered through cotton. This treatment prevented the 
formation of the flocculent precipitate which caused trouble in the original 
method. Finally the other ingredients were added and also the crystal violet, 
and the medium was tubed and sterilized once in the Arnold sterilizer for 
thirty minutes. 

c) Horrock's glucose litmus agar. 1 Two per cent, glucose peptone agar 
was made in the usual manner, and sufficient aqueous solution of litmus was 
added to give the medium a light blue color. For use the medium is melted, 
cooled to 42° C. and then decinormal sodium hydrate added so that each 
10 c.c. of the medium has an alkalinity of 1.8 c.c. decinormal alkali. This 
medium differentiates well, but the abundant gas formation impairs its use- 
fulness for the conditions under which we worked. 

d) The plating medium of Hiss. This was prepared according to the 
description given by the author. 2 Although not restraining the development 
of sewage forms in the way that the other media did, it proved one of the 
most useful methods, particularly when the plates were not too thickly 
crowded with sewage bacteria. Differentiation of the surface colonies was 
usually very sharp. 

Other media, notably Eisner's potassium iodide medium 3 were tested, but 
proved very inferior to the four media above described; these four alone were 
used in the routine work. 

In the work on the Illinois River at Averyville (H. L. R.) the Drigalski 
and Conradi medium was exclusively employed, differentiation being here less 
of a problem than in the waters charged with sewage bacteria. 

EXPERIMENTS CONDUCTED IN LAKE MICHIGAN WATER AND 
IN THE CHICAGO RIVER (F. R. Z.). 

A series of experiments upon the longevity of the typhoid 
bacillus in Lake Michigan water, made during the fall of 1897 
and the spring of 1898, had convinced the writer that typhoid 
bacilli die much more rapidly when free in nature than had been 
generally believed. Although the conclusions drawn were open 
to the criticism that in the liter flasks, used in experiments to hold 
the artificially infected lake water, the conditions were different 
from those existing in nature, the results compare very well with 
those obtained in our experiments with parchment and celloidin 

1W. H. Horrocks, An Introduction to the Bacteriological Examination of Water 
(London), 1901, p. 205. 

2 Jour. Med. Resch., 1902, 8, p. 148. 3 Ztschr. f. Hyg., 1895, 21, p. 25. 
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sacs suspended in Lake Michigan tap water, under the most favor- 
able conditions for the diffusion of saprophytic products. 

The experiments consisted in seeding liter flasks containing 
Lake Michigan tap water with varying numbers of typhoid bacilli, 
and studying the effects of temperature, light, and the addition 
of saprophytic products (sewage) upon the longevity of typhoid 
bacilli. 

Similar experiments were undertaken with the water of the 
Mississippi, Missouri, and the Illinois Kivers at Grafton, between 
the months of October, 1901, and March, 1902, and it was found 
that the more polluted a water was and the more saprophytes were 
present, the sooner would the typhoid bacilli disappear. 

The natural objection to these flask experiments, that the 
accumulating products of this saprophytic overgrowth were 
the cause of the rapid disappearance of typhoid bacilli, and that 
the results could not, therefore, be applied to conditions naturally 
existing in lake or river water, has not been justified by the 
results of the experiments to be related, because typhoid bacilli 
have died in our parchment and celloidin sacs, under the most 
favorable conditions of diffusion, in the natural flowing water, in 
as short, or even a shorter, time than they did in the same waters 
when contained in glass flasks at temperatures ranging from 12° 
to 20° C. 

The present experiments give first the results with glass bottles 
as containers, in which diffusion of bacterial excretion products is 
excluded; and next, the results when diffusion of excretion prod- 
ucts is favored by the use of parchment and celloidin sacs. 

I. EXPERIMENTS WITH LAKE MICHIGAN TAP WATER. 

In the first five of the following fifteen experiments with Lake 

Michigan tap water, glass jars or bottles were used as containers ; 

in the next seven, parchment sacs ; and in the last two, celloidin 

sacs, the parchment and celloidin sacs being suspended in running 

tap water. 

Experiment 1. — Eight hundred c.c. of raw (unheated) tap water, taken 
from a tap in Dr. Zeit's laboratory at the Postgraduate Hospital, were placed 
in a glass jar, and one loopful of a twenty-four-hour agar culture of B. 
typhosus (Race from Parke, Davis & Co.) was added, the seeding being 
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estimated by plating to be approximately 1,000,000 per cubic centimeter. The 
bacterial count ot the water at the time of seeding was 85 per cubic centi- 
meter. The temperature of the water varied from 7° to 16° C. Above, the 
jar was open to the air, which entered freely through the cotton stopper. 

Samples were taken daily, after shaking the jar to insure thorough 
mixing, a portion of the contents being taken with a sterile pipette. Plate 
cultures were made in plain neutral agar, with a seeding of from 1.1.000 to 5 
c.c., according to the bacterial content. These cultures were incubated at 
39° C. After twenty-four to forty-eight hours the plates were carefully 
examined and the typhoid-like colonies cultured in Hiss's "tube medium. 
Cultures in this medium which resembled those of the typhoid bacillus were 
further examined, and their identity established by the specific agglutination 
test of Widal, and also by further culture methods. From the tenth to the 
fourteenth day all the colonies appearing on the plates were examined, with 
negative results, and the complete disappearance of the typhoid bacillus was 
demonstrated. For comparison, plate cultures of the daily samples were 
made and incubated at 25° C, and the bacterial content per cubic centimeter 
(after three days), and the character of the growth, compared with that of the 
plate cultures at 39° C. 

The results of the experiment are shown in Table III. 

TABLE III. 









Bacterial 


Bacterial 




Day of 
Experiment 


Tempera- 
ture 


Bacteria per 
c.c. of 


Count of 
Plates Incu- 


Count of 
Plates Incu- 


B. typhosus 

+ = present 


Tap Water 


bated at 39° 


bated at 25° 


= absent 








per c.c. 


per c.c. 




Seeding 


9"C. 


85 




1,737,000 






1 


14° 


90 


7x5,000 


1,027,000 






2 


13" 


109 


711,000 


1,175,000 






3 


16' 


100 


339,000 


360,000 






4 


16" 


180 


71,000 


154,000 






5 


9" 


38 


5,800 


28,600 






6 


10" 


80 


9,300 


12,400 






7 


9" 


48 


1,600 


3,200 


( 


) 


8 


12° 


48 


5,000 


4,700 





9 


12° 


76 


360 


1,000 





10 


9° 


80 


78 


8,000 





11 


8" 


148 


197 


760 





12 


7" 


128 


41 


1,260 





13 


16" 


120 


72 


1,820 





14 


8" 


110 





2,180 






Notes.- - On the eighteenth and twentieth days no colonies developed in plates seeded 
with 1 c.c. of the water, and in plates seeded with 5 c.c. only a few colonies developed at 39° C. 
Onfthejseventh, eighth, and ninth days no typhoid-like colonies developed on the plates. 
From the tenth to the fourteenth days, inclusive, all the colonies on the plate cultures Were 
examined. 



Experiment 2. — In this experiment four loopfuls of the water of conden- 
sation^were used, and the flask was placed in an earthen jar and surrounded 
by flowing water kept at a uniform temperature {1° 9 C.) for twelve days. The 
germ content was 180 per c.c. and plating after seeding with B. typhosus, 
2,200,000 per c.c. 
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Plates poured with Drigalski Conradi 1 agar (about 3 mm. thick) remained 
open for an hour until the agar became hard. After shaking the flask con- 
taining the water to be examined, a glass rod, bent at an angle, sterilized, was 
dipped into the water and smeared over the first plate. Dilutions were 
made by smearing a second, third, and fourth plate. These plates remained 
open until perfectly dry (one-half to one hour), and were then incubated at 
37° for twenty-four hours. All discrete blue colonies were subcultured in 
Hiss tubes and grown at 20°. All non-gas-forming, uniformly clouded Hiss 
tubes were tested by Parke, Davis & Co.'s immune serum for agglutination. 

Typhoid bacilli were found by this method on the third, fifth, sixth, and 
seventh days, but none on the eighth or ninth days. 

On the twelfth day Altschuler's 2 method was used. Ten grams of pep- 
tone and 5 g. of sodium chloride were added to the contents of the flask which 
was then incubated for twenty-four hours at 37" C. Fifty c.c. of the upper 
stratum of the flask contents were placed in a sterile burette, and 1 c.c. of 
Parke, Davis & Co.'s serum was added. This was set aside for seven hours. 
No precipitate was visible. One c.c. was drawn off into another burette con- 
taining 50 c.c. of sterile peptone (0.5 g.) and sodium chloride (0.25 g.) solution 
and a few millet-seed -sized pebbles. This burette was shaken to break up 
clumps and incubated at 37° for twenty-four hours. Drigalski Conradi plates 
were smeared and incubated as above ; blue colonies were subcultured in 
Hiss tubes. No non-gas-forming, uniformly clouded Hiss tubes. 

Experiment 3. — Fresh feces of a healthy person were stirred into 1,000 
c.c. of raw tap water until the turbidity was such that print became indistinct 
when viewed through the solution in a 1,000 c.c. cylindrical graduate. This 
mixture was subjected to the same conditions of seeding and temperature as 
in the last experiment. The immediate plating in gelatin was 5,800,000 per 
cubic centimeter. Examination, as in in the last experiment, showed typhoid 
bacilli on immediate plating, but none on the first, third, or eighth days 
thereafter. 

As a control for this experiment two 1,000 c.c. flasks were prepared with 
human excreta as above. One (A) was seeded with four loopfuls of the usual 
culture of B. typhosus ; the other (B) received no typhoid bacilli until it had 
been kept twenty-four hours at a temperature of 1?9 C, when it was seeded 
with 1 : 1,000 loop of the same culture as Flask A, after which both flasks were 
examined by Schiider's method. 3 

To each flask were added 10 c.c. of a 7.75 per cent, solution of hyposulphite 
of soda and 10 c.c. of a 10 per cent, solution of nitrate of lead. After standing 
for twenty-four hours the clear fluid was decanted, 7 c.c. of a 100 per cent, 
solution of hyposulphite of soda added to the sediment, and the flask shaken. 
After standing a short time, the insoluble particles settled. Drigalski- 
Conradi smears were made and examined as in the preceding experiments, 
from the upper clear strata. 

In Flask A, seeded with four loopfuls of typhoid culture twenty-four hours 
before precipitation, typhoid bacilli were absent, while in Flask B, seeded 
with only 1 : 1,000 loop just before precipitation, the B. typhosus was found. 

iZtschr.f. Hyg., 1902, 39, p. 283. ^Centrlbl.f. BaM., 1903, 33, p. 741. 

sztschr.f. Hyg., 1903, 42, p 317 
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Schtider's method is of much value, as it enables us to precip- 
itate all the bacteria in a larger quantity of water, and it allows 
the detection of typhoid bacilli in water highly polluted with 
saprophytes. Although the growth of saprophytes is much inhib- 
ited, typhoid colonies were numerous in plates from Flask B, 
despite the fact that the seeding of typhoid bacilli was only 
1/1,000 loop with nearly 6,000,000 per c.c. 

Experiment 4. — In this experiment sterilization for thirty minutes at 
120° in the autoclave preceded the seeding, and. the flask was kept in flowing 
tap- water in a uniform temperature (1?9 C.) for forty days. The results are 
shown in the following table: 

TABLE IV. 



Direct plating • 
After 5 days 
After 10 days ■ 
After 15 days 
After 20 days 
After 25 days 
After 30 days 
After 35 days 
After 40 days 



1,500,000 typhoid bacilli per 1 c. 

350,000 

110,000 

10,000 

30 

12 



" " 





Experiments. — In this experiment a four ounce bottle stopped with a 
sterile cotton plug was used instead of the liter flask, and the tap water was 
rendered germ-free by filtration through sterilized porcelain (unglazed). The 
germ content previous to filtration was 100 per cubic centimeter. Cultures of 
5 c.c. of the filtered tap water in bullion remained sterile. To 100 c.c. of this 
sterilized tap water was added 1 c.c. of a 1:10,000 dilution in sterile salt solu- 
tion of a twenty-four hour agar culture of B. typhosus Race No. 500.2 ( a cul- 
ture obtained from the Johns Hopkins Pathological Laboratory). This seeding 
was estimated by plate methods to be about 500 typhoid bacilli to 1 c.c. The 
bottle containing the infected water was placed in a thermostat maintained 
at a temperature of about 20° C. Free entry of air was allowed through the 
cotton plug ; light was excluded. 

The bottle was removed daily, and, after shaking gently to insure even 
seeding, plate cultures in agar-agar were seeded with 1 c.c. of the infected 
water. These cultures were incubated from twenty-four to forty-eight hours, 
and the typhoid-like colonies were then subcultured in Hiss tubes and identi- 

TABLE V. 



Day of 

Experiment 


Amount of 
Water Plated 


No. of 

Typhoid Bacilli 

Found 


Estimated No. 
in Bottle 


B. typhosus 
+ = present 
= absent 


Seeding 


1 c.c. 


500 


50,000 


+ 


1 


1 


4 


396 


+ 


2 


1 


1 


98 


+ 


3 


15 


2 


11 


+ 


4 


30 


1 


3 


+ 





15 











6 


10 











7 


5 











8 


5 











9 


5 











10 


12 
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fled by means of further culture, and the Widal reaction. As the typhoid 
organisms disappeared, larger amounts of water were used for seeding. 
During the last three days of the experiment all the water remaining in the 
bottle was plated out, but no typhoid organisms were found. The results are 
presented in Table V. 

Instead of the glass containers, parchment sacs were used in the next 
seven experiments. 

Experiments 6 and 7. — In these experiments, where the bacterial count 
before the seeding was estimated to be 2,000 per cubic centimeter, and from a 
few hundred to a few thousand, respectively, the 800 c.c. of tap water was 
seeded with a small loopful of a twenty-four-hour culture of B. typhosus, 
Race " y," received from Dr. E. O. Jordan, giving a seeding of about 540 000 
in the one case and of 450,000 in the other. The parchment sacs were sub- 
jected, in both experiments, to the same conditions as those surrounding the 
glass container in Experiment 1, already described. Samples of the infected 
water were taken daily and subjected to the usual cultural and agglutination 
tests. Typhoid organisms were found daily up to the seventh day in Experi- 
ment 6, and up to the fifth day in Experiment 7, but none thereafter. In 
both cases there was a marked change in the character of the plates in the 
latter part of the first week. In Experiment 7 a single culture on the fifteenth 
day showed the presence of only a few saprophytic organisms. 

Experiment 8. — This was in all respects as Experiment 1, except that a 
parchment sac was used in place of the glass container. At the end of this 
experiment the parchment sac was examined and found to be intact. It 
appeared to be as strong as when first put into the water, and there was little 
or no deposit on its surface. The results of this experiment are shown in 
Table VI. 

TABLE VI. 



Duration 


Bacterial 


Bacterial 


Ratio Growth 


B. typhosus 


of Experiment 


Count per c.c. 


Count per c.c. 


at 


+ = present 


in Days 


at 25° C: 


at 39° C. 


25"-39° C. 


= absent 


Seeding 


1,112,000 










1 


1,035,000 










2 


964,000 


372,000 


2^59 






3 


855,000 


576,000 


1.46 






4 


616,000 


553,000 


1.11 






5 


536,000 


316,000 


1.69 






6 


237,000 


205,000 


1.16 






7 


103,000 


201,000 


0.51 






8 


134,000 


197,000 


0.68 


( 


) 


9 


72,000 


23,000 


3.10 





10 


32,000 


4,400 


7.27 





11 


13,00,1 


3,400 


3.82 





12 


7,100 


74* 


9.59 





13 


6,00il 


34* 


17.64 





14 


10,600 


100* 


10.60 






Notes. — On the twelfth, thirteenth, and fourteenth days all the colonies on the plates 
were examined ; Bacillus typhosus was not found. 

From the first to the fifth day, inclusive, the plates resembled pure cultures of Bacillus 
typhosus, which was recovered with ease. 

On the sixth, seventh and eighth days the plates showed mixed cultures of Bacillus 
typhosus, which was secured with increasing difficulty. 

From the ninth to the fourteenth day, inclusive, the cultures were saprophytic in 
character, and the typhoid bacillus could not be found, despite repeated and exhaustive 
efforts to secure it. 



650 



E. O. Jordan, H. L. Russell, P. R, Zeit 



Experiment 9. — This experiment was undertaken as a control to the pre- 
ceeding, the only difference being that the parchment sac in the earlier experi- 
ment was surrounded by flowing water, while in Experiment 9 it was 
suspended in an empty glass cylinder so that the surface of the parchment 
was freely exposed to the air on all sides. In order to secure temperature 
conditions similar to those of Experiment 8 the glass cylinder was placed in a 
large receptacle and surrounded with running tap water. There was free 
access of air also through the cotton stopper, and the experiment was con- 
ducted in the diffuse light of the laboratory. The results are shown in 
Table VII. 

TABLE VII. 



Duration of Experiment 
in Days 


Bacterial Count of 


Bacterial Count of 


Bacillus typhosus 


Plates Incubated at 


Plates Incubated at 


-f- = present 


39° C. 


25° C. 


= absent 


Seeding 




635,000 


+ 


1 




748,000 


+ 


2 


711,000 


628,000 


+ 


3 


340,000 


1,836,000 


+ 


4 


419,000 


2,117,000 


+ 


5 


158,000 


1,117,000 


+ 


6 


142,000 


253,000 





7 


13,800 


83,000 





X 


316* 


45,000 





9 


1,100* 


11,600 





10 


550* 


2,600 





11 


840* 


6,400 





12 


No growth 


11,000 





18 


15** 


5,500 





14 


13** 


8,600 






Notes. — On the third, fourth, and fifth days the plate cultures showed a large number of 
fluorescent organisms. On the sixth to the ninth days inclusive, the fluorescent organisms 
were numerous, but decreasing in number. 

* On the ninth, tenth, and eleventh days all the typhoid-like colonies on the plates were 
examined. 

**On the thirteenth, and fourteenth days all the colonies on the plates were subcul- 
tured and examined, but the typhoid bacillus could not be found. 

Results. — An overgrowth of saprophytes occurred early in the course of the experi- 
ment, and the vital concurrence of these organisms, as well as the action of their products, 
must be regarded as factors in the death of the typhoid bacillus. 

Experiment 10. — In this experiment 800 c.c. of raw tap water, which 
gave 180 colonies per centimeter in gelatin plates, were placed in a cotton- 
stoppered parchment sac and seeded with four loopfuls of the water of con- 
densation of a twenty-four-hour culture of B. typhosus, Race "O," Parke, 
Davis & Co. The sac was suspended in running tap water in a large earthen- 
ware jar, the temperature of the rapidly flowing water being 1?5-2?5C. 
The contents of the sac were examined by Drigalski-Conradi plates and Hiss 
tubes, with the result of finding typhoid bacilli on the second, fourth, fifth, 
and sixth days, and with negative results on the seventh and eighth. The 
Schuder precipitation method was employed as described in Experiment 3, 
with the balance of the sac contents, on the ninth day, with negative results. 

Experiment 11. — A parchment sac was prepared, seeded, and examined as 
in the preceding experiment. Plating after seeding in gelatin showed 2,300,- 
000 colonies per 1 c.c. Typhoid bacilli were found on the second, fifth, sixth, 
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and seventh days, but none on the eighth or ninth. On the tenth day Alt- 
schiller's enriching method was employed, as in Experiment No. 2, with nega- 
tive results. 

Experiment 12. — Eight hundred c.c. of tap water were sterilized by heat- 
ing for twenty minutes in the autoclave at a temperature of 110° C. The sac 
was then placed beside the one used in Experiment 8 and subjected to the 
same conditions. All the other conditions of the experiment, and the method 
of examining the sac contents for typhoid bacilli, were as in Experiment 8. 
The result was a steady decrease in the number of typhoid organisms found, 
but they were still present on the fifteenth day, when the experiment was 
discontinued. The results are tabulated in Table VIII. 

TABLE VIII. 



Duration of Experiment 
in Days 


Bacterial Count of 
Plates Incubated at 


Bacterial Count of 
Plates Incubated at 


Bacillus typhosus 
+ = present 


39° C. per c.c. 


25" C. per c.c. 


= absent 


Seeding 




1,184,000 






1 


450,000 


618,000 






2 


416,000 


716,000 






3 


363,000 


510,000 






4 


350.000 


904,000 






5 


332,000 


814,000 


+ 


6 


253,000 


366,000 


+ 


7 


292,000 


316,000 


+ 


8 


356,000 


474,000 


4- 


9 


94,800 


94,800 


+ 


10 


12,000 


83,200 


+ 


U 


16,000 


150,000 


+ 


21 


3,120 


28,700 


-t- 


13 


840 


64,000 


+ 


14 






+ 


15 


1,000 


25,000 


+ 



Experiment 13. — In this experiment a four-ounce glass-stoppered bottle 
was used. A sterilized salt solution was made by adding 0.6 per cent, of com- 
mon salt to the tap water and heating at 20° C. in the autoclave. To 100 c.c. 
this, 1/10,000 of a large loopful of a twenty-four-hour culture of B. typhosus 
(Race No. 500.2, obtained from the Johns Hopkins Pathological Laboratory) was 
added, the seeding being estimated by plate cultures to be 900 per cubic cen- 
timeter. The bottle was placed in the ice-chamber of the refrigerator, the 

TABLE IX. 



Day of Experiment 


Amount of 
Water Plated 


No. of Typhoid 
Bacilli per c.c. 


No. in Bottle 
Estimated 


Bacillus typhosus 

+ = present 
— absent 


Seeding 


1 c.c. 


900 


90,000 






1 


1 c.c. 


804 


79,500 






2 


1 c.c. 


426 


41,700 






3 


1 c.c. 


326 


31,600 






4 


1 c,c. 


266 


25,500 






5 


1 c.c. 


158 


15,000 






6 


1 c.c. 


145 


14,000 






7 


1 c.c. 


140 


13,000 






8 


1 c.c. 


100 


9,200 






9 


1 c.c. 


80 


7,300 






10 


1 c.c. 


75 


6,800 


- 


- 
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temperature varying from 1° to 8°C A glass stopper was used, but about 
10 c.c. of air were - inclosed and renewed daily as the bottle was opened. Light 
was excluded. Plate cultures were made daily, and as the typhoid bacilli 
became fewer in number, all the colonies on the plate were examined. The 
typhoid bacillus was still found on the tenth day, when the experiment was 
discontinued. The results are presented in detail in Table IX. 

Experiment 14. — In this experiment celloidin sacs having a capacity of 
30 c.c. each were used in place of parchment sacs. In this case the bacterial 
count of the tap water at the time of seeding was 68 per cubic centimeter, 
and the seeding was estimated to be 1,000,000 per cubic centimeter. The 
infected water was distributed by means of a sterile pipette to the celloidin 
sacs in amounts of about 20 c.c. The experiment was in all other respects 
similar to No. 8. The results are presented in Table X. 



TABLE X. 



Duration of Experiment 
in Days 


Bacterial Count of 
Plates Incubated 


Bacterial Count of 
Plates Incubated 


Bacillus typhosus 
+ = present 


at 25° C. per c.c. 


at 39° C. per c.c. 


= absent 


Seeding 


1,155,000 




+ 


1 


883,000 


814,000 


+ 


2 


790,000 


946,000 


+ 


3 


1,146,000 


717,000 


+ 


4 


737,000 


565,000 


+ 


5 


320,000 


53,600 


+ 


6 


292,000 


7,000 


+ 


7 


514,000 


4,000 


+ 


8 


558,000 


35,600 





9 


600,000 


3,800*** 





10 


569,1 00 


2,600* 





11 


711,000 


3,960 





12 


87,000 


182** 





13 


4.030 


28" 





14 


3,900 


23** 






Notes. — On the fourth day numerous fluorescent forms appeared in the plates, espe- 
cially those incubated at low temperature. 

*A11 the colonies appearing on one-fourth the plate examined with negative results. 

** All the colonies appearing on the plates examined with negative results. 

*** Negative results obtained by special method. All of the water was removed from 
one of the capsules, antityphoid serum added in the proportion of 1:100, and the whole 
placed in a sterile burette for sedimentation. At the end of twenty-four hours the lower 
portion, about 1 c.c, was removed and plated in nutral agar. The colonies which developed 
were examined, but the typhoid bacillus was not found. 

Experiment 15 differed from the preceding only in that the tap water 
was sterilized before seeding (as in Experiment 12), and the results confirmed 
those obtained in Experiment 12, in which a parchment sac was used to con- 
tain the sterilized water. 

The following eleven experiments, similar in general to those 
already described with Lake Michigan water, were conducted with 
the water of the Chicago River: 

Experiment 16. — This experiment corresponded in all respects to Experi- 
ment 5 above, except that the water of the Chicago River was used instead 
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of that of Lake Michigan, the germ content before filtration being estimated 
to be 1,500,000 per cubic centimeter. The results are presented in detail in 
Table XI. 

TABLE XL 



Duration of Experiment 
in Days 


No. of Typhoid 
Colonies in 1 c.c. 


Estimated No. of 

Typhoid Bacilli 

in Bottle 


Bacillus typhosus 
+ = present 
= absent 


Seeding 


496 


49,600 


+ 


1 


1 


99 


+ 


2 











3 





0* 





4 











5 











6 











7 











X 











9 











10 












*On the third day a number of saprophytic organisms appeared in the plate cultures. 
A control experiment consisting of a culture of 5 c.c. of the filtered water used in beginning 
the experiment showed that the nitration had not secured an absolutely germ-free water, 
Diligent search failed to show the presence of the typhoid organism after the first day. 

This experiment indicates that if but a small number of the 
typhoid organisms are present in the river water, their death is a 
matter of hours rather than of days, and may be independent of 
the presence of saprophytes in large numbers. 

To determine whether the amount of water used in seeding the 
plates had any deterring effect upon the growth of organisms in 
the plate cultures, cultures were made from two preparations : (1) 
100 c.c. of raw filtered water of the Chicago River, to which was 
added 1/10,000 part of a loopful of a twenty-four-hour agar cul- 
ture of B. typhosus; (2) 100 c.c. of sterile salt solution seeded 
with typhoid as in (1). Plate cultures were made of 1 c.c. of 
each mixture, and after forty-eight hours' incubation at 39° C. the 
number of colonies was found to be as follows : (1) 496 per cubic 
centimeter; (2) 500 per cubic centimeter. Repetition of the 
experiment gave a similar result, so that it was evident that small 
amounts of the water, when added to nutrient media, had no 
marked deterrent effect upon the growth of the typhoid bacillus 
in plate cultures. 

Experiment 11. — In this experiment the bottle containing the filtered 
Chicago River water was placed in the ice-chamber of the refrigerator, the 
temperature being 1° to 8°C. Glass stoppers were used, but about 10 c.c. of 
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air was inclosed, and renewed in part daily as the bottles were opened. The 
bacterial content of the water was estimated to be 2,000,000 per cubic centi- 
meter. All the other conditions were as in the preceding experiment. 

The death of the typhoid bacillus was rapid in the river water 
at this temperature, but not so rapid as in the preceding experi- 
ment at a temperature of 20° C. The specific bacillus was not 
found, however, after the fourth day. Its complete disappearance 
was shown by the comprehensive nature of the examination. The 
results are given in Table XII. 

Experiment 18. — The water, after nitration and seeding as in the preced- 
ing experiment, was distributed by means of a sterile pipette in amounts of 
5 c.c. each to sterile test-tubes. These were subjected to the temperature of 
the air outside the laboratory (below 0° C). In the course of a few minutes 
the water in the tubes was frozen, and remained so except when melted for 
examination. Sterile stoppers of cotton were used, admitting free access of 
air. Light was excluded. 

One tube was taken daily and the ice melted by immersing the tube for 
a few minutes in a water-bath heated to 35° C. One c.c. of the water was 
then plated in neutral agar, and the typhoid organism sought by the methods 
already described. It was found that even at temperatures below 0°C the 
typhoid bacillus dies rapidly in the filtered water of the river, but two organ- 
isms being found on the first day and not one later. Its complete disappear- 
ance is shown by the failure to find the specific organism in plate cultures of 
all the water remaining in the tubes, which contained at the beginning 
several thousand typhoid organisms. 

TABLE XII. 





Amount of 


No. of Typhoid 


Estimated No. 


B. typhosus 


Day of Experiment 


Water Plated 


Bacilli on Plates 


in Bottle 


+ — present 
= absent 


Seeding • 


1 c.c. 


1,080 


108,000 






1 


1 


408 


40,392 






2 


3 


260 


8,516 






3 


a 


120 


2,280 






4 


5 


24 


432 






5 














6 


5 











7 


5 











8 


5 











9 


5 











10 


60 












Experiment 19. — To 800 c.c. of the water of the Chicago Eiver, taken at 
the Ashland Avenue bridge (estimated bacterial content 2,000,000 per cubic 
centimeter), was added a large loopful of twenty-four-hour agar culture of 
B. typhosus strain "x," received from Professor Jordan. A parchment sac, 
containing the infected water, was placed in the river at the Ashland Avenue 
bridge, being placed for protection in a box to which the river water had free 
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access, but which excluded the light. The temperature of the surrounding 
water was found to vary from 12° to 14° C. There was free access of air 
through the cotton stopper in the glass tube of the capsule. 

Samples of the water were taken daily, plate cultures made in neutral agar, 
and, after incubation for twenty-four to forty -eight hours at 39° C, the typhoid 
colonies and those resembling them were subcultured in Hiss tubes, and the 
identity of the organisms was established by the usual cultural and aggluti- 
nation tests. The typhoid bacillus was recovered with comparative ease on 
the first and second days, but with difficulty on the third. On the fourth day 
the sac was found to have a small hole in it, and the experiment was discon- 
tinued. 

Experiments 20 and 21 were repetitions of Experiment 19. The typhoid 
bacillus was recovered up to the second and third days respectively, but not 
later, the experiment being continued for ten days in each case. 

Experiment 22. — Race " O " from Parke, Davis & Co. was used in seeding 
the river water in this experiment. The estimated bacterial content before 
seeding was estimated to be 80,000, and the seeding to be 20,000 per cubic 
centimeter. The temperature of the water surrounding the parchment sac 
was taken daily and found to agree with that of the water in the sac, varying 
from 8° to 4° C. The other conditions- of the experiment were as in the pre- 
ceding three. 

Plate cultures were made in neutral agar, using a seeding of about 
1/100 c.c. The typhoid-like colonies were subcultured in Hiss tubes, and 
their identity was established by culture methods and the Widal test. To 
obviate the objections which might be made on account of the very small 
amounts of water used in seeding, a large number of plates were prepared, 
and use was made of the special method of Schepilewsky. 

The typhoid organism was found with ease on the first day, and with 
difficulty on the second and third, after which it could not be found. Use of 
a special method on the fourth, seventh, and tenth days gave negative results. 

Experiment 23. — This was designed as a control experiment to determine 
the fate of the typhoid organisms when placed under the influence of the pol- 
luted river water, but not in direct contact with the bacteria thereof. To 
800 c.c. of tap water (Chicago supply), sterilized by heating for thirty minutes 
in the autoclave at a temperature of 120° C, was added a loopful of a twenty- 
four-hour culture of the typhoid organisms, as in the preceding experiments, 
the seeding being estimated to be about 1,500,000 per cubic centimeter. The 
infected water was then introduced into the parchment sac, which was sub- 
jected to the same conditions as in Experiment 19. 

The typhoid bacillus was found on the first and second days, but not later. 

Experiment 24. — One twenty-fifth of a small loopful of a forty-eight-hour 
culture of the typhoid organism (Race " O," Parke, Davis & Co.) was added to 
500 c.c. of the river water, which was estimated at the time of seeding to con- 
tain 640,000 water and sewer organisms per cubic centimeter. After agitating 
to insure uniform seeding, the infected water was distributed to celloidin cap- 
sules in amounts of 20 c.c. each. These sacs were sealed and immersed in 
the water of the Chicago River at the Ashland Avenue bridge. The tem- 
perature of the water ranged from 1° to 4° C. The capsules were inclosed in 
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a box, to which the water had free access, but which excluded light. This 
protected them from ice. 

Search was made as in Experiment 22, already described, for the typhoid 
bacillus, with the result that the organism was recovered with ease imme- 
diately after seeding, and twenty-four hours later, but not thereafter. On the 
fifth and the ninth days all the water in a capsule was taken and antiserum 
added in the proportion of 1:100. This mixture was placed in a sterile 
burette, and after sedimentation for twenty-four hours the lowest portion was 
drawn off and plated. The typhoid-like colonies were tested in the usual 
manner, with absolutely negative results. 

Experiment 25. — In this the river water was filtered, and the celloidin sac 
containing it was suspended in a glass jar in about 400 c.c. of the river water, 
which was estimated to contain 500,000 organisms per cubic centimeter. The 
typhoid bacilli were thus subjected, not only to the action of the toxic agent 
in the filtered water of the sac, but also to that produced in the unfiltered 
water surrounding it. The results are presented in Table XIII: 

TABLE XIII. 



Day of Experiment 


No. of Typhoid 
Bacilli per c.c. 


Bacillus typhosus 
+ = present 
= absent 


Seeding 


572 


+ 


1 


330 


+ 


•> 


110 


+ 


3 


49 


+ 


4 


15 


+ 


5 








6 








7 








8 








9 








10 









Experiment 26. — This differed from the preceding experiment only in 
that normal salt solution, sterilized as in Experiment 23, was used, and the 
water in the glass jar in which the celloidin sac containing the infected salt 
solution was suspended was also rendered germ-free by filtration through a 
sterile unglazed porcelain filter. The typhoid bacilli were thus subjected to 
the action of the toxic agents in the water passing through the walls of the 
celloidin sac. The temperature was about 20 ° C. The disappearance of the 

TABLE XIV. 



Day of Experiment 


No. of Colonies of 
Typhoid Bacilli 


Kacillus typhosus 
+ = present 
= absent 


Seeding 
1 

2 

3 

4 

6-ib 


900 
860 

2 



0*(infected) 

0** 




+ 
+ 
+ 







* A few saprophytes appeared on the plates. 

** The cultures showed an overgrowth of saprophytes. 
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typhoid bacillus was sufficiently rapid to justify the conclusion that the toxic 
agent passed rapidly through the walls of the celloidin sac. The results 
appear in Table XIV. 

In addition to the above experiments with the water of Lake 
Michigan and the Chicago River, three experiments were conducted 
to determine the longevity of B. dysenteriae Shiga in these waters. 

Experiment 27.— To 500 c.c. of raw (unheated) water of Lake Michigan, 
taken from the tap in Dr. Zeit's laboratory and estimated to contain 200 
organisms per cubic centimeter, was added 1 c.c. of 1 : 100 dilution in sterile 
salt solution of a twenty-four-hour agar culture of B. dysenteriae Shiga, Race 
"Ridgely." 1 This was estimated by culture methods to give a seeding of 
approximately 22,000 bacilli per cubic centimeter. After agitation to insure 
even seeding, the water was distributed to the celloidin sacs in amounts of 
20 c.c. each, by means of a sterile pipette. 

Cultures were made daily in agar, and the dysentery organism was isolated 
by the method of Flexner. Colonies which appeared in the second twenty- 
four hours were subcultured on slanted glucose litmus agar. The identity of 
the B. dysenteriae was established by culture methods and by means of its 
reaction with antidysenteric serum. 

Large numbers of the dysentery organism were recovered on the first day, 
a few on the second, and none at all on the third day. Later search showed 
their entire disappearance. Special methods (agglutination with antidysen- 
teric serum in a manner similar to the method of Schepilewsky for the 
isolation of the typhoid bacillus) gave negative results on the fifth, seventh, 
and tenth days. 

Experiment 28. — Eight hundred c.c. of the water of the Chicago River 
were seeded with a small loopful of B. dysenteries Shiga, Race K-72 2 , giving 
an estimated seeding of about 700,000 per cubic centimeter. The germ con- 
tent of the water before seeding was estimated to be about 80,000 per cubic 
centimeter. After agitation the infected water was placed in a parchment sac 
and suspended in the Chicago River at Ashland bridge, as in Experiment 19. 

The method of search for the dysentery bacillus and the result of the 
experiment were the same as in the preceding one, except that in this case 
two colonies of the dysentery organism were recovered on the third day. 

Experiment 29. — Raw water of the Chicago River, estimated to contain 
640,000 water and sewerage organisms per cubic centimeter, was used in this 
experiment. Five hundred c.c. were seeded with 1 : 100 of a small loopful of 
a twenty-four-hour culture of the dysentery bacillus, Race " Ridgely " being 
used, giving a seeding of 22,000 per cubic centimeter. The infected water 
was distributed to celloidin capsules, which were sealed and immersed in the 
river as in the other experiments. 

1 A subculture of a dysentery organism isolated from a case of " summer diarrhea " at 
the Thomas Wilson Sanitarium, Mount Wilson, Baltimore county, Md„ during the summer 
of 1903. The type is now distinguished as the maunite-fractor form of the dysentery organism. 

2 A subculture of a culture of the dysentery bacillus kept at the pathological laboratory 
of Johns Hopkins University, said to be a subculture of the original organism isolated by 
Shiga from a case of epidemic dysentery in Japan. This organism is now distinguished as 
the non mannite-f ractor type of the dysentery organism. 
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Search was made for the dysentery organism as in the two preceding 
experiments, the bacillus being recovered on the first day but not later. 
Special methods were used on the seventh and ninth days, without positive 
results. 

TABULATED SUMMARY OF EXPERIMENTS. 

TABLE XV. 

A. Longevity op Bacillus typhosus in Lake Michigan Tap Water. 















Last Day 

on Which 

Typhoid 

Bacilli 

Were 


No. of 
Experi- 


Container 


Kind of 
Water in 


No. of 
Saprophytes 


No. of 
Typhoid 

Bacilli 
per 1 c.c. 


No. of 
Days 


ment 




Container 


per 1 c.c. 


Examined 














Found 


1 


Glass recept. 


Raw 


85 


1,000,000 


14 


6 


2 




Raw 


180 


4 loops full to 
1,000 c.c. 


12 


7 


3 




Raw with 
excreta 


5,800,000 


4 loops full to 
1,000 c.c. 


8 


Immediate 
plating 
only 

25 


4 


" 


Sterilized 





1,500.000 


40 




u 


Filtered 





500 


10 


4 


6 


Parchment 
sac suspend- 
ed in flowing 
tap water 


Raw 


2,000 


540,000 


10 


7 


7 


" 


Raw 


200-2,000 


450.000 


15 


a 


8 


*' 


Raw 


85 


1,000,000 


14 


8 


9 , ., 




Sac suspend- 
ed in air 


85 


1,000,000 


14 


a 


10 


" 


Raw 


180 


3.000.000 


9 


6 


11 


" 


Raw 


180 


2,300.000 


10 


7 


12 


11 


Sterilized 





1,000,000 


15 


15 


13 


Bottle, 4-oz. 


Sterile salt 
solution 0.6% 





1,080 


10 


10 


14 


Celloidin sacs 
suspended 
in flowing 


Raw 


68 


1,000,000 


14 


7 
















tap water 












15 




Sterilized 





1,000,000 


15 


15 



B. Longevity op Bacillus typhosus in Chicago River Water. 















Last Day 


No. of 
Experi- 


Container 


Kind of 
Water in 


No. of 
Saprophytes 


No. of 
Typhoid 

Bacilli 
per 1 c.c. 


No. of 
Days 


on Which 

Typhoid 

Bacilli 

Were 


ment 




Container 


per 1 c.c. 


Examined 














Found 


16 


Bottle 


Filtered 20° C. 


1,500,000 
before filt. 


500 


10 


1 


17 


Bottle 


Filt. 1-8° C. 


2,000,000 
before filt. 


1,080 


10 


4 


18 


Test tubes 


Filtered, kept 
frozen 
Raw 


1,000,000 
before filt. 


600 


10 


1 


19 


Parchm. sac 


2,000,000 


2,000,000 


4 


3 




susp. in river 












20 


" 


Raw 


2,500,000 


1,500,000 


10 


2 


21 


" 


Raw 


2,500,000 


2,000,000 


10 


3 


22 


" 


Raw 


80,000 


20,000 


10 


3 


23 


" 


Sterilized 





1,500,000 


10 


2 


24 


Celloidin sacs 
susp. in river 


Raw 


640,000 


11,000 


10 


1 




" 


Filtered 





572 


10 


4 


26 




Sterilized salt 
solution 0.6:8 





900 


10 


2 
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C. Longevity op Dysentery Bacilli in Lake Michigan Tap Water and 

Chicago River. 















Last Day 


No. of 




Kind of 


No. of 


No. of 


No. of 


on Which 

Dy sent ery 

Bacilli 


Experi- 


Container 


Water in 


Saprophytes 


Shiga Bacilli 


Days 


ment 




Container 


per 1 c.c. 


per 1 c.c. 


Examined 


Were 
Pound 


27 


Celloidin sacs 
suspended in 
running tap 
water 


Tap water 


1,000,000 


22,000 


10 


2 


28 


Parchm. sac 
susp. in river 


Raw river 
water 


80,000 


700,000 


10 


3 


29 


Celloidin sacs 
susp. in river 


Raw river 
water 


640,000 


22,000 


10 


1 



EXPERIMENTS CONDUCTED IN THE CHICAGO DRAINAGE 
CANAL (E. O. J.). 

The data of the more representative individual experiments are 
presented in tabular form, and the results of all the experiments 
are summarized. Some general statements regarding method of 
experimentation must first be made. 

A suspension in sterile water of twenty-four-hour-old agar 
growths was used for inoculating the sacs, and in each case a 
numerical determination was made to ascertain the number of 
bacilli present in one cubic centimeter of the contents of the sacs, 
immediately after inoculation. The character of the sewage into 
which the bacteria were introduced was also determined bacte- 
rially, and in some cases chemically also. The composition of 
the fluid in the Chicago Drainage Canal is that of a dilute sewage, 
as shown by the following analyses : 





April-June, 1900 




At Mouth of Canal 

(Kedzie Ave.) — 

Average of 9 Weekly 

Determinations 


Bear Trap Dam at 

Lockport — 

Average of 11 Weekly 

Determinations 




1.31 
499.499 

1,332,000 


196 




183 




12.7 




6.27 




4.97 




1.33 




0.347 




1,167,000 
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The amount of water flowing over the Bear Trap Dam at 
Lockport ranged from 250,000 to 290,000 cubic feet per minute, 
and averaged about 275,000 (October 1 to November 9, 1903). 

The following analyses were made during the conduct of the 
experiments : 





Drainage Canal 
at Robey St. 


Drainage Canal, Beak Trap 
Dam, Lockport 




Oct. 9, 1903 


Oct. 12, 1903 


Oct. 14, 1903 




1.539 
0.839 
13.3 


2.254 
1.174 
12.0 


1 448 




1 302 




12.0 







The changes that occur in the water in the sacs (uninfected) 
are to a considerable extent independent of the composition of the 
canal water in which the sacs are suspended. The nature of 
these changes is shown in the following instances : 





A 

Comp. of 

Canal Water 

(Lockport) 


B 

Comp. of Water 

in Cont. Sacs 

Filled 3 Days 

Prev. with 

Canal Water,(A) 


C 

Initial Comp. 

of Canal 

Water 


D 

(C), after Re- 
maining in 
Sacs 12 Days 


Total N. (Kjeldahl).... 
Albuminoid ammonia.. 


2.254 
0.476 
1.174 
104.0 
12.0 


1.72 

0.358 

1.484 

57.0 

12.0 


1.539 
0.5112 
0.8388 

88.0 

13.3 


1.809 
0.548 
0.524 


Oxygen consumed 


52.6 
9.91 







In the early experiments the numbers of typhoid bacteria intro- 
duced ranged from 500 to about 15,000 per cubic centimeter, but in 
the later experiments much larger numbers of bacteria were intro- 
duced. In one case as many as 857,000 per cubic centimeter 
were inoculated into the contents of a sac. Before beginning the 
experiments it was anticipated that typhoid bacilli would be found 
in considerable numbers on the third and fourth days, and conse- 
quently no examination of the contents of the sacs was made until 
after several days had elapsed. But the negative outcome of 
these early experiments showed that the death of the typhoid 
bacilli took place sooner than had been conjectured ; and in the 
later tests it was found that the greatest mortality occurred during 
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the first forty-eight hours. The samples of water from the 
infected sacs were collected with sterilized 50 c.c. pipettes, trans- 
ferred to sterilized collecting bottles, and brought immediately 
to the laboratory, where they were plated in the various media. 
It was found that the best results in differentiation were obtained 
when the plates were incubated twenty-four to forty-eight 
hours. 

The colonies were usually examined after twenty-four hours, a 
selection made, and then the plate was returned to the incubator, 
and a second examination made twenty-four hours later. Except 
in the case of those samples removed from the sacs within the first 
few hours after inoculation, when the number of typhoid colonies 
was very large, an attempt was always made to pick off all typhoid- 
like colonies developing on each plate. Within three or four 
days after the inoculation of the sac, however, the number of 
typhoid-like colonies always diminished so greatly that colonies 
bearing a more or less remote resemblance to typhoid colonies had 
to be taken for examination. The colonies thus selected as show- 
ing the closest resemblance to typhoid colonies were transferred 
to tubes of glucose agar, and these tubes were incubated for forty- 
eight hours. Those in which gas production occurred were at 
once discarded, and from the tubes retained inoculations were 
made into milk. 

A forty-eight-hour growth in milk at 37° C. eliminated a con- 
siderable proportion of those cultures that passed the glucose 
agar test. Those that gave a typhoid-like growth in milk were 
inoculated into dextrose litmus broth and into gelatin — a proce- 
dure which effected some further reduction in the number of 
typhoid-like colonies, although not nearly so many were thrown 
out as in the glucose agar and the milk tests. 

Parallel cultures were made in each medium with the strains 
of typhoid bacilli used in the experiment, and only those cultures 
showing wide and unmistakable divergence from the parent stock 
were rejected. 

Finally, the bacteria that passed all the cultural tests were 
examined in regard to their agglutinability, a serum (from the 
rabbit) being used which agglutinated the homologous strain in 
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a 1:1,000 dilution. No instance was found where a bacillus, that 
had passed all the cultural tests enumerated above, failed to 
agglutinate in an appropriate dilution. 

Many colonies that were picked off because they presented a 
typhoid-like appearance on the plates afterward proved not to be 
Bacillus typhosus, but were found to belong to the fluorescent 
group of bacteria. By far the larger number of the organisms 
that passed the glucose agar test and were afterward rejected 
belonged to this class. 

It was considered important to determine to what extent the 
lodgment of bacteria on the walls of the sacs was responsible for 
the disappearance of bacteria from the water in these sacs. 
Accordingly several sacs had the walls carefully swabbed with a 
pledglet of sterile cotton on the end of a rod, and samples of the 
contents of these sacs were taken before and after the swabbing. 
The counts showed in some cases a slight increase in numbers, 
indicating that some bacteria had become attached to the walls of 
the sacs and were dislodged by the swabbing process, but in no 
case was such increase very marked. 

One of these comparisons of the colony count before and after 
swabbing is given in the following table : 

TABLE XVI. 

Drainage Canal at Lockport — Comparison op Sao L t Before and After 

Swabbing. 



Sac No. 


Time 

AFTER 

Inocula- 
tion 


No. of Colonies pee c.c. 


Colonies 
Fished 


Typhoid 

Colonies 

Found 


Medium 


48 hr. count 


After swabbing 


3 days 
3 days 


Drigalski 
Horrocks 
Hiss 

Drigalski 
Horrocks 
Hiss 


3 

36 
232 

11 

28 
285 


8 / 
4V20 

8) 

10) 

^20 
10 


0) 

(no 

0) 



A tabulated summary of typical experiments conducted in the 
manner above described is contained in the following tables : 
(XVII-XXIII). 
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TABLE XVII. 

Drainage Canal at Lockpokt. 



Initial colony count sewage bacteria 
Initial colon bacilli - - - - 

Initial streptococci - 



110,000 

4,000-fi,000 
1,000 



B. typhosus, Strain (x), was added to this sewage in such numbers that each sac con- 
tained approximately 12,000 typhoid bacilli per cubic centimeter. 



Time after 
Inoculation 



1 day.. 

1 day.. 

2 days. 

2 days. 

3 days. 
3 days. 
3 days. 
3 days. 
3 days. 
5 days. 
5 days. 
5 days. 
7 days. 
7 days. 
9 days. 
9 days. 
9 days. 
9 days. 



Sac No. 



B 2 



Amount 
Plated 



1.0 
0.1 
1.0 
0.1 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



Medium 



Drigalski 

Horrocks 

Drigalski 

Horrocks 

Drigalski 

Drigalski 

Horrocks 

Horrocks 

MacConkey 

Drigalski 

Horrocks 

MacConkey 

Drigalski 

Horrocks 

Neutral agar 

Drigalski 

Horrocks 

MacConkey 



Colonies 
on Plate 



50 

166 
120 

no 



Colonies 
Fished 



2^19 
3 I 

• ' 

8 m 



25 1,, 
20I 4D 

201 

J 7> 

10J 



Typhoid 

Colonies 

Found 



During the conduct of this experiment, October 5-14, the temperature of the air ranged 
from 14° to 19° C, and of the water, from 14.5° to 17° C. 

TABLE XVIII. 

Drainage Canal at Lockport. 



Initial colony count sewage bacteria 
Initial colon bacilli - 
Initial Streptococci - 



110,000 
4,000-6,000 
1,000 



B. typhosus, Strain (x), was added to this sewage in such numbers that each sac con- 
tained approximately 600 typhoid bacilli per cubic centimeter. 



Time after 
Inoculation 



1 day. 

1 day. 

2 days 

2 days 

3 days 
3 days 
3 days 
5 days 
5 days 
5 days 
7 days 
7 days 
9 days 
9 days 
9 days 



Sac No. 



C, 



Amount 
Plated 
in.c.c. 



1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 



Medium 



Drigalski 

Horrocks 

Drigalski 

Horrocks 

Drigalski 

Horrocks 

MacConkey 

Drigalski 

Horrocks 

MacConkey 

Drigalski 

Horrocks 

Drigalski 

Horrocks 

MacConkey 



Colonies 
on Plate 



2S0 
130 
270 



Colonies 
Fished 



16, 



20 



4 

20 U 
10 ] M 
30) 
lOf-50 
10 ) 

S'rU 

») 

? f 12 
4!- 10 



Typhoid 
Colonies 

Found 



During the conduct of this experiment, October 5-14, the temperature of the air 
ranged from 14" to 19° C, and of the water, from 14.5° to 17° C. 
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TABLE XIX. 

Drainage Canal at Lockpoet. 



Initial colony count sewage bacteria 

Initial colon bacilli - 

Initial streptococci 



110,000 
4,000-6,000 
1,000 



B. typhosus, Strain (y), was added to this sewage in such numbers that each sac con- 
tained approximately 180 typhoid bacilli per cubic centimeter. The bacilli were added in 
5 c.c. of urine from a typhoid patient. 



Time after 
Inoculation 


Sac No. 


Amount 
Plated 
in c.c. 


Medium 


Colonies 
on Plate 


Colonies 

Fished 


Typhoid 

Colonies 

Found 




D, 


1.0 
1.0 
1.0 
1.0 
10 
1.0 
1.0 
1.0 
1.0 
1.0 


Drigalski 

Horrocks 

Drigalski 

Horrocks 

MacConkey 

Drigalski 

MacConkey 

Drigalski 

Horrocks 

MacConkey 




3(20 

7) 
6l 12 

6y 1,2 
6^20 

6^ 


























5 days 



























During the conduct of this experiment, October 5-14, the temperature of the air 
ranged from 14° to 19° C, and of the water, from 14.5° to 17° C. 



TABLE XX. 

Drainage Canal at Lockport. 

Initial colon bacilli 1,000 

Initial streptococci 2,000 

B. typhosus, Strain (y), was added to this sewage in such numbers that each sac con- 
tained approximately 360,000 typhoid bacilli per cubic centimeter. 



Time after 
Inoculation 


Sac No. 


Amount 
Plated 
in c.c. 


Medium 


Colonies 
on Plate 


Colonies 
Fished 


Typhoid 
Colonies 
Found 


10 min 

2 days 

2 days 

2 days 

3 days 

3 days 

3 days 

3 days 

3 days 

5 days 

5 days 

5 days 

5 days 

7 days 

7 days 

7 days 

10 days 


o, 

o a 

o s 


0.001 
0.001 
0.001 
1 
0.1 

01 

1 
0.1 
1.0 
0.1 
1.0 
0.1 
0.1 
1.0 
1.0 
0.1 
0.1 
1.0 
1.0 
1.0 
0.1 
1.0 


Drigalski 

Horrocks 

Hiss 

Drigalski 

Hiss 

Hiss 

Drigalski 

Drigalski 

MacConkey 

MacConkey 

Horrocks 

Neutral agar 

Drigalski 

Drigalski 

MacConkey 

Hiss 

Neutral agar 

MacConkey 

Hiss 

MacConkey 

Hiss 

Hiss 


45 

160 

230 

410 

5,700 

268 

270 

250 
5,840 

126 

390 

32 

370 

85 


14 ) 
18S68 

36^ 

15/ 

25 V 65 

25 

101 

10 1 

10 l 63 
13 

i 

14 1 

is f*» 

85 


13) 

17^63 

33) 













During the conduct of this experiment, October 17-27, the temperature of the air 
ranged from 10° to 17.5° C, and of the water, from 10° to 14.5° C. 
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TABLE XXI. 
Drainage Canal at Robey Street. 

Initial colony count sewage bacteria 240,000 

Initial colon bacilli 1,000 

B. typhosus, Strain (z), was added to this sewage in such numbers that each sac con- 
tained approximately 285,000 typhoid bacilli per cubic centimeter. 



Time after 
Inoculation 


Sac No. 


Amount 
Plated 
in c.c. 


Medium 


Colonies 
on Plate 


Colonies 
Fished 


Typhoid 

Colonies 

Found 


1 hour 


P, 


0.001 


Hiss 


430 


251 


20) 


1 hour 


" 


0.001 


Drigalski 


80 


Sf" 


SUi 


1 hour 


u 


0.0001 


Drigalski 






" 


0.001 


MacConkey 


210 


15J 


15 J 


20 hours 


" 


0.001 


Hiss 


440 


371 


13 1 
.lj-21 




u 


0.001 


Neutral agar 


610 


It" 


20 hours 


" 


0.101 


Drigalski 


15 




" 


0.01 


MacConkey 


1,780 


5J 




" 


0.01 


Hiss 


1,350 


331 


241 


28 hours 


u 


0.001 


Hiss 




■Mfii 
3f 61 


0>« 


28 hours 


," 


0.01 


Drigalski 


60 


28 hours 


u 


0.01 


MacConkey 


430 


21J 


21 J 




;; 


0.01 
0.01 


Hiss 
MacConkey * 


173 


59) 
3 J- 69 


1 ) 




of 1 


2 days 


i * 


0.1 


MacConkey 


108 


7) 


0) 




" 


0.01 


Hiss 


182 


»t* 





3 days 


" 


0.1 


Hiss 






i * 


0.1 


Hiss 


3,400 


11(21 
6) 16 







;; 


1.0 
0.1 
1.0 


Drigalski - 

Hiss 
Drigalski 


45 

ire 

32 






5 days 






I 


0.1 
0.1 
1.0 

0.1 


Hiss 

Hiss 

Drigalski 

Hiss 


1,344 

1,130 

160 

440 


32-32 
*}» 
31(35 














8 days 




8 days 


" 


1.0 


MacConkey 


120 






During the conduct of this experiment, October 25 to November 4, the temperature of 
the air ranged from 6" to 13° C, and of the water, from 9.5° to 12" C. 

TABLE XXII. 

Drainage Canal at Robey Street. 

Initial colony count sewage bacteria 240,000 

Initial colon bacilli 1,000 

B. typhosus, Strain (z), was added to this sewage in such numbers that each sac con- 
tained approximately 285,000 typhoid bacilli per cubic centimeter. 



Time after 
Inoculation 


Sac No. 


Amount 
Plated 
in c.c. 


Medium 


Colonies 
on Plate 


Colonies 
Fished 


Typhoid 

Colonies 

Found 


3 days 

4 days 

4 days 


P 3 


0.01 

0.1 

0.01 

0.1 

1.0 

0.1 

1.0 

0.1 

1.0 

0.1 

0.1 

1.0 

0.1 

0.1 

0.1 

1.0 

0.1 

1.0 


Hiss 
Drigalski 3 
MacConkey 

Hiss 
MacConkey * 

Hiss 

MacConkey 

Hiss 

Drigalski 

Hiss 

Neutral agar 

Drigalski 

Hiss 

Hiss 

Neutral agar 

MacConkey 

Hiss 3 
MacConkey 


1,130 

229 

35 

6,120 

1,890 

97 
1,540 

83 

1,296 

670 

44 
1,890 
1,960 
1,460 
140 
1,820 

86 


14) 

IT 9 

1|(18 

gf» 

15 ^ 9 o 
Si 

IV 8 

18—18 

13 ( r 41 

20) 
24 {„ 

13 r 1 








7 days 

7 days 

7 days 

8 days 

9 days 

9 days 

9 days 

10 days 

30 days 









3 



During the conduct of this experiment, October 25 to November 4, the temperature of 
the air ranged from 6° to 13° C, and of the water, from 9.5° to 12° C. 

1 All typhoid-like colonies on MacConkey fished. 

2 All typhoid-like colonies on Drigalski fished. 

3 All typhoid-like colonies on MacConkey and Drigalski fished. 
* All typhoid-like colonies on MacConkey fished. 

» All surface typhoid-like colonies on Hiss and MacConkey fished. 
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TABLE XXIII. 
Drainage Canal at Bobey Street. 

Initial colony count sewage bacteria 240,000 

Initial colon bacilli 1,000 

B. typhosus, Strain (y), was added to this sewage in such numbers that each sac con- 
tained approximately 857,000 typhoid bacilli per cubic centimeter. The bacilli were added 
in 50 c c. of urine from a typhoid patient. 



Time after 
Inoculation 



20 hours . 
20 hours. 
20 hours. 
20 hours. 
20 hours. 
28 hours. 
28 hours. 
28 hours. 
2 days — 
2 days. .. 
2 days . . . 

2 days . . . 

3 days . . . 
3 days... 

3 days. .. 

4 days . . . 

4 days 

5 days . . . 

5 days... 

6 days. .. 

6 days. .. 

7 days. .. 

8 days' .. 

9 days... 
9 days. .. 



Sac No. 



Amount 
Plated 
in c.c. 



0.001 

0.001 

0.001 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

0.1 

0.01 

0.1 

0.01 

0.1 

0.01 

0.01 

0.1 

0.1 

1.0 

0.1 

1.0 

0.1 

0.1 

0.1 

1.0 



Medium 



Hiss 

Neutral agar 

Drigalski 

Drigalski 

MacConkey 

Hiss 

Drigalski 

MacConkey 

Hiss 

Drigalski 

MacConkey 1 

MacConkey 

Hiss 2 

Drigalski 

MacConkey 

Hiss 3 

Hiss 

Hiss 

Drigalski 

Neutral agar 

Drigalski 

Hiss 

Hiss 

Hiss 

MacConkey 



Colonies 

on Plate 



730 

1,0-0 

118 



540 

380 



1,072 

4,080 

520 

2,040 

7^200 

230 
1,490 

180 

1,890 

1,390 

17,400 

214 



Colonies 
Fished 



"I 
7S-50 

if 
32) 
15}- 57 
10) 

23) 

lU 
10 J 



.56 



12 
25 
10J 1 " 

25-25 
23—23 



Typhoid 

Colonies 

Found 



51 
0^20 



23) 
10V43 

2J 



During the conduct of this experiment, October 25 to November 4, the temperature of 
the air ranged from 6° to 13" C, and of the water, from 9 5" to 12° C. 

TABLE XXIV. 







Drainage Canal at Robey Street— Summary. 






No 
Typh. 
Bac. 

Ik- 
trod. 


1 Hour 


20 Hours 


28 Hours 


2 Days 


Sac 
No. 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


P, 
p 2 


285,000 

285,000 

857,000 

857,000 
11,500 
11,500 
11,500 

670 


O.'OOOI . . 3 
0.001... 46 


2 
39 


0.001... 47 
0.01.... 7 


16 

5 

'5 
15 


c.c. 

0.001... 4 
0.01. ...57 


1 

45 

43 


O.'oi ....62 
1.0. 7 


1 



Ni 




0.001... 26 
0.01.. ..24 


0.01 ....57 


0.01.... 28 
0.1 . 24 


7 


N 2 




2 


F, 










F 
















F 3 












Gi 








0.1 . , , 25 
1.0 10 


6 


G 2 











H, 18.000 












H. 


18,000 
18,000 

900 

25,000 
25,000 










Hi 












T, 








0.1 25 
1.0 10 
0.1... .11 

1.0.... 9 





K, 












P 










Si 

























Total 


49 


41 


104 


41 


118 


89 


221 


10 



i All typhoid-like colonies on MacConkey (0.01) fished. 

2 No surface typhoid-like colonies on Hiss (0.01) and Drigalski. 

3 All surface typhoid-like colonies on Hiss fished. 
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TABLE XXIV— Continued. 





No. 

TYPH. 

Bac. 
In- 

TEOD. 


3 Days 


4 Days 


5 Days 


6 Days 


Sac 
No. 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


P, 

P 2 

N, 

N 5 
F, 


285,000 
285,000 
857,000 

857,000 

11,500 

11,500 

11,500 

670 

670 

18,000 

18.000 

18,000 

900 

25,000 

25.000 

16,800 


c.c. 

0.01.... 25 
0.1 .... 6 
0.01. ...16 
0.01.... 3 
0.01. ...48 
0.1 .... 8 







c.c. 

0.1 15 
1.0 6 
0.1 .13 
1.0 5 
0.01. ...25 

0.1 10 

0.01.... 6 
0.1 8 
1.0 25 


















c.c. 

0.1 10 
1.0 6 
0.1, 24 

1.0 10 

0.1 16 
10 7 
0.1 15 
1.0 . 14 












c.c. 

0.1 ...32 


. 










0.1 ..4 

1.0 6 

10 12 
1.0 .20 










F 












F 












n 




1.0 15 








G, 










H, 




1.0 50 




1.0 ,..19 





H. 








H 












T, 




1.0 15 




1.0 17 





R 








R 2 


0.001.. .19 
0.0001.. 4 
0.001. ..13 


6 







0.01. ...12 
0.01. ...14 

























Total 


142 







193 





127 







133 






TABLE XXIV.— Continued. 





No. 
Typh. 
Bac. 

In- 

TEOD. 


7 Days 


8 Days 


9 Days 


10 Days 


Sac 
No. 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No, Col. 
Taken in 


No. 
Typh. 
Found 


No Col.. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 




285,000 
285,000 
857,000 

857,000 

11,500 

11,500 

11,500 

670 

670 

18,000 

18.000 

18,000 

900 

25,000 

25,000 

16,800 


c.c. 

0.1 28 
1.0 8 
0.1 16 
1.0 2 

1.0 25 









'6 





c.c. 

1.0 4 

0.1 18 

1.0 23 









c.c. 










c.c. 




Pi 








P.. 


0.1 21 
1.0 ,20 
0.1 13 
1.0, 19 
0.1 , 8 
1.0 , 21 


0.1 24 
1.0 ..13 



3 








N 2 


0.1 35 

1.0 .24 





Ft 













F, 


1.0 15 












F»' 








G, 












G„ 


1.0 23 
1.0 .22 










H, 










H 










H 












L 










r\ 
























s; 


























Total 


139 





76 





102 





96 


3 
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TABLE XXIV.— Continued. 





No. 
Typh. 
Bac. 

In- 
trod. 


11 DATS 


14 Days 


12 Days 


Sac. 
No. 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


No. Col. 
Taken in 


No. 
Typh. 
Found 


P. 


285,000 

285,000 

857,000 

857,000 

11,500 

11,500 

11,500 

670 

670 

18.000 

18,000 

18.000 

900 

25.000 

25,000 

16,800 


c.c. 






c.c. 


'6 



c.c. 




P 










N. 










N, 










F 










Ft. 


1.0 . 19 




1.6 27 


6 


F 


1.0 41 




Gi 








G 










H 










H 2 


i.6 ii 




1.0 23 





H 3 


1.0 34 





T, 








Ei 










B 










S 




















Total 


33 





75 





50 






Total colonies taken = 1,658 
Total typhoid found = 184 

Total colonies taken after 2 days = 1,166 
Total typhoid found after 2 days = 3 



TABLE XXV. 

Drainage Canal at Lookpokt — Summary. 





No. Typh. 

Bac. 

Introd. 

per c.c. 


10 Minutes 


1 Day 


2 Days 


3 Days 


5 Days 


Sac 
No. 


No. Col. 
Taken in 


*-:§ 

oh 


No. Col. 
Taken in 


Oft, 


No. Col. 
Taken in 


55 


No. Col. 
Taken in 


ofe 


No. 

Col. 

Taken 

in 


z; 


O, .. 


360,000 

860,000 

12,000 
12,000 

600 

600 

180 

30,000 

30,000 

30,000 
1,500 

1,500 


0.001....68 


63 


c.c. 





6 


c.c. 
0.01. ...25 

0.1 40 







"6 


c.c. 

0.1 43 

1.0 20 





'6 



'6 







'6 




c.c. 

0.1.. 9 
1.0. .35 

1.0. .24 

1.0. .24 
1.0. .12 

0.1.. 7 
1.0.. 5 
1.0. .12 

0.1.. 8 


6 


o 2 .. 




n 


B, .. 




60 




6 


B a .. 




70 

30 


0.1 6 
1.0 13 




C. .. 




20 


o 


C, .. 




1.0 20 
0.01.... 8 
1.0 12 
0.01.... 2 
1.0, , 18 

o.'oi"!. 5 

1.0 5 


n 


D, .. 




i.6 i3 




Tu 




n 


L„ .. 






n 


L 3 .. 
M, .. 







M„.. 








n 














Total 


68 i 63 


93 





165 





202 





136 
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TABLE XXV.— Continued. 





No.Typh. 

Bac. 

Introd. 

per c.c. 


6 Days 


7 Days 


8 Days 


9 Days 


10 Days 


Sac 

No. 


No. Col. 
Taken in 


^§ 

oft 
Z 


No. Col. 
Taken in 


oft 
Z 


No. Col. 
Taken in 


oft 
Z 


No. Col. 
Taken in 


Oft 
Z 


No. 

Col. 

Taken 

in 


0/0 

^§ 
oft 
Z 


o. 


360,000 
360,000 

12,000 

12,000 

600 

600 

180 

30,000 

30,000 

30,000* 
1,600 
1,600 


c.c. 





c.c. 

1.0 19 
0.1 18 
1.0, 5 






'6 
'6 




c.c. 





c.c. 


'6 
'6 


c.c. 
1.0.. 85 

1.0. .26 




ol 











n. 






p 1 




1.6 45 




1.0, 49 




c; 


1.0 "i? 






c 


1.0 12 
1.0 £0 




1.0. ...10 




D .. 

Ti, 


1.0 24 





T„ 






Tn 












M, 












M • 






















Total 


17 





119 





24 





59 





111 






Total colonies taken = 
Total typhoid found = 



992 
63 



Total colonies taken after day of inoculation — 924 
Total typhoid found after 10 minutes = 

The tabular resume' shows that, with one exception, no typhoid 
bacilli were found in plates made from any of the sacs later than 
two days after inoculation. The decrease in numbers seems 
to be most marked between twenty-four and forty-eight hours. 
In most instances all the typhoid-like colonies on the plate were 
taken, and although 1,166 colonies in all were examined, only three 
of these proved to be typhoid. In one case all the colonies on 
the plate (1 c.c.) were picked off and examined (Table XX, 10 days). 

Regarding the finding of three colonies of typhoid bacilli on 
the tenth day after inoculation (Table XXII), it should be noted 
that these three colonies all appeared on a single plate, and 
although a number of plates from this same sac had been made 
during the preceding six days, no typhoid colonies whatever had 
been discovered. This sudden appearance of typhoid bacilli on 
a single plate creates the suspicion that their survival may have 
been due to some accidental cause, and that they had not per- 
sisted in the water of the sac during the whole period of the 
experiment. It seems a plausible supposition that these bacilli 
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may have adhered to some concrete particle in the sewage when 
they were freshly introduced, and that this particle dried upon 
the walls of the tube and remained there until accidentally washed 
off during the process of agitating the contents of the sac. It is, 
of course, possible that these three. bacilli were unusually resistant 
individual cells which maintained their vitality in the water of 
the sac throughout the period covered by the experiment. This, 
however, seems unlikely, in view of all the other findings in the 
course of this investigation, and the circumstances under which 
these bacilli appeared indicate that their occurrence was an acci- 
dental instead of a significant one. 

In addition to the sacs of sewage infected with typhpid bacilli, 
a number of control experiments were carried out upon uninocu- 
lated sewage (Table XXVI). The number of colonies developing 
on neutral agar plates, and also the number of colon bacilli and 
streptococci, were determined. The results obtained in this way 
afford an interesting confirmation of the results obtained with 
the typhoid-infected sacs. The number of colon bacilli remains 
nearly constant for about twenty-four hours, and then rapidly 
diminishes, falling, after five or six days, to a point far below the 
initial number. The streptococci, while sometimes more numer- 
ous at the outset than the colon bacilli, fall more rapidly and 
practically disappear within a few days after the opening of the 
experiment. The number of the colonies developing on agar 
plates shows a slight increase in the first twenty-four hours, and 
then a decline which is noticeably rapid and extreme. 

TABLE XXVI. 

Controls (Uninoculated Sewage). 
Lockport. 



No. Days in Sac 


Sac No. 


Colony Count 
Agar 37 " 


No. B. coli 
in 1 c.c. 


No. Streptococci 
in 1 c.c. 




A, 

k 

A 3 

1; 


470,000 

2,000 

660 

2,520 

1 
8,000 

1.332 
11.800 


4,000-6,000 
Less than 1,000 
50 
5 

1,000 

10 

6-9 

6-8 
7 


1,000 




1,000 






9 days 


None in 10 c.c. 
2.000 




20 
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EOBEY STKEET. 



No. Days in Sac 



Sac No. 



Colony Count 
Agar 37° 



No. B. coli 
in 1 c.c. 



No. Streptococci 
in lc.c. 



Initial . . 
2 days . . 
4 days . . 

6 days . . 

7 days . . 

11 days . 

12 days . 
14 days . 

Initial . , 
20 hours 
28 hours 
2 days .. 

4 days . . 

5 days . . 

6 days . . 

7 days . . 

8 days . . 

9 days . . 



E, 

?* 
Ei 
E, 
E, 
E 2 
E, 

Er, 

i; 

V, 
V, 

v ; 

V, 

v: 



390,000 
21,000 
19,500 
70,200. 
17,200 
14,600 
75,600 
Too thick to count 

240,000 

327,000 

326,000 

122,000 

17,000 

16,400 

17,800 

7,900 

5,980 

7,300 



4,000-6,000 

100 

70-90 

50 

90-100 

20 

4-10 

6-10 

800-1,000 

700-800 

800 

100-200 

20 



8 

9 

6-8 



40,000 
20 
1 in 5 c.c. 
None in Vi c.c. 
None in 1-10 c.c. 
None in 1-5 c.c. 
None in 2-5 c.c. 



It may be concluded, therefore, that the vast majority of the 
typhoid bacilli introduced into the sewage of the Chicago Drain- 
age Canal, under the conditions which prevailed during the con- 
duct of this experiment, disappear within two days after their 
introduction, and that while it may be true that individual cells 
endowed with special powers of resistance maintain their vitality 
for a longer period, the outcome of this experiment shows that 
such an assumption finds little warrant. Furthermore, assuming 
that such survival of individual typhoid bacilli with rare powers 
of resistance did sometimes occur, there is some ground for sup- 
posing that such adaptation to a saprophytic mode of life might 
be associated with a lowered virulence. The facts instanced by 
Hankin, 1 and by Remlinger and Schneider, 2 regarding the occa- 
sional presence in natural waters of typhoid bacilli apparently 
possessed of slight virulence, or even wholly innocuous, are 
sufficient to demand careful consideration of this possibility. 

One experiment was also made upon Lake Michigan (tap) 
water for the purpose of comparing the course of events in the 
parchment and celloidin sacs under similar conditions. Large 
celloidin sacs with a capacity of about 700 c.c. were prepared, and 
these were suspended in running water at 16° C. side by side with 
parchment sacs. The experiment shows that even when a small 
number of typhoid bacilli (3,080) were introduced into the lake 



1 Centralbl. f. Bakt., 1899, 26, p. 504. 



2 Ann. de I 'Inst. Past, 1897, 11, p. 55. 
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water, survivors could be found four days after inoculation, or twice 
as long as in the water of the Drainage Canal. Incidentally the 
experiment affords confirmatory evidence of the validity of the 
methods of isolation employed, since the presence of very large 
numbers of water bacteria (over 100,000) did not prevent the 
discovery of the typhoid bacilli. (Of. Table XXVII, 1, 2, and 3 
days.) 

TABLE XXV11. 

B. typhosus, Strain (y), was added to tap water, colony count 65, in such numbers that 
each sac contained approximately 3,080 typhoid bacilli per cubic centimeter. 



Parchment Sac 


Celloidin Sac 


a 

>h a 

O 

»3 
a v 

H 


•o 
=e 
E 
a o 

1.5 


s 
■3 

3 


a 
o 

en 

o 


11 
o 


O oj 

ft 'a 
H 


o 
a " 

3 o 

1-9 

<! 


s 

a 
-3 

a 


a 


Ml 

is 




its 

c a 

s§ 

0«, 

.3 
£•3 
En 


1 day 

1 day 


0.1 
1.0 


Hiss 

MacConkey 


2,800 
1,600 


12) 


> 


0.1 
1.0 


Hiss 
MacConkey 


116,000 
1,860 


11 ? 

5 ( 16 


3 ? 
< 6 

3) 


2 days 

2 days 


0.1 

1.0 


Hiss 

MacConkey 


31,200 
1,550 


10) 

V20 
10 J 


!!■ 


0.1 
1.0 


Hiss 
MacConkey 


88,000 
2,400 


12) 

^20 
8) 


:}■ 


3 days 

3 days 


0.1 

1.0 


Hiss 
MacConkey 


121,400 
2,810 


14) 

( f 20 
6) 


0) 

>5 
5) 


0.1 
1.0 


Hiss 
MacConkey 


110,400 
9,840 


f 20 

6) 


:(• 


4 days .... 
4 days 


0.1 

1.0 


Hiss 
MacConkey 


119,200 
2,720 


14) 

f-20 
6) 


:!■ 


0.1 
1.0 


Hiss 
MacConkey 


36,800 
4,188 


14) 

V20 
6) 


:s- 


5 days — 
5 days 


0.1 

1.0 


Hiss 
MacConkey 


118,1100 
2,160 


16) 

^20 
4) 


> 


0.1 
1.0 


Hiss 
MacConkey 


20,100 
1,900 


16) 

iS 20 


:s» 


6 days 

6 days 


0.1 

1.0 


Hiss 

MacConkey 


31,200 
2,600 


16) 
if 2 " 


0) 


0.1 
1.0 


Hiss 
MacConkey 


10,440 
1,060 


16) 
4( 2 ° 


:i- 


7 days — 
7 days 


0.1 
1.0 


Hiss 
MacConkey 


29,800 
2,520 


14) 

J- 17 
3) 


of 


0.1 
1.0 


Hiss 
MacConkey 


9,200 
830 


12) 

[•17 
5 ) 


:s° 


8 days — 
8 days 


1.0 
1.0 


Hiss 
MacConkey 


26,800 
1,670 


16) 

[.20 
i) 


0) 


1.0 
1.0 


Hiss 
MacConkey 


3.480 
480 


A 20 


:s« 


9 days 

9 days 


1.0 
1.0 


Hiss 
Drigalski 


6,240 
1,720 


16) 


:i« 


1.0 
1.0 


Hiss 
Drigalski 


3,160 
980 


18) 


:s» 


11 days 

11 days 


1.0 
1.0 


Hiss 
Drigalski 


3,400 
720 


16) 

>20 
4) 


:s° 


1.0 
1.0 


Hiss 
Drigalski 


520 

72 


13 ) 


:i» 


12 days.... 
12 days .... 


1.0 
1.0 


Hiss 
MacConkey 


5,040 
740 


16) 

V20 
i) 


0) 

0) 


1.0 
1.0 


Hiss 
MacConkey 


410 
51 


16) 
iS 20 


:i» 


13 days .... 
13 days .... 


1.0 
1.0 


Hiss 
MacConkey 


7,100 
967 


12) 

^20 
8) 


:i- 


1.0 
1.0 


Hiss 
MacConkey 


2,400 
420 


0) 

>20 
20) 


:i» 


15 days 

15 days 


1.0 
1.0 


Hiss 
MacConkey 


5,640 
926 


12) 

^20 
8) 


:i° 


1.0 
1.0 


Hiss 
MacConkey 


550 
180 


^20 

16) 


:i- 
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longevity of paratyphoid bacilli. 

In addition to the experiments that were carried out with the 
typhoid bacillus, one test was made of the longevity of the para- 
typhoid bacillus (Paratyphoid Scott) in the water of the Drainage 
Canal at Kobey Street. The culture used was one isolated in this 
laboratory in June, 1903, about three months before these experi- 
ments were undertaken. 1 

The methods used in the conduct of this experiment were 
precisely similar to those that have been described in the work 
upon B. typhosus, and the method of tabulation of the result is 
also similar (Tables XXVIII and XXIX). In the case of 
this organism a general correspondence was observed with the 
behavior of the typhoid bacillus, the most rapid disappearance 

TABLE XXVIII. 

Dkainage Canal at Robey Street. 

Initial colony count sewage bacteria 240,000 

Initial colon bacilli 1,000 

B. paratyphosus, Strain (pt), was added to this sewage in such numbers that each sac 
contained approximately 820,000 paratyphoid bacilli per cubic centimeter. 



Time After 
Inoculation 



20 hours 
20 hours 
20 hours 
20 hours 
20 hours 
28 hours 
28 hours 
28 hours 
28 hours 

2 days . 

2 days . 

2 days . 

3 days. 
3 days . 

3 days . 

4 days . 

5 days . 
5 days . 

5 days . 

6 days . 

6 days . 

7 days . 

7 days .. 

8 days . . 
8 days . . 





Amount 


Sac No. 


Plated 




in c.c. 


?i 


0.01 




0.001 


" 


0.001 


" 


0.01 


u 


0.01 


" 


0.001 


u 


0.01 


u 


0.01 


*' 


0.01 


" 


0.01 


*' 


0.01 


" 


0.1 


" 


0.01 


" 


0.1 


" 


0.1 


" 


0.1 


" 


0.1 


•' 


0.1 


" 


1.0 


" 


0.1 


" 


1.0 


" 


0.1 


" 


0.1 


" 


0.1 




1.0 



Medium 



Hiss 

Neutral agar 

Drigalski 

Drigalski 

MacOonkey 

Hiss 2 

Hiss 

Drigalski 

MacConkey 

Hiss 

Drigalski 3 

MacConkey 

Hiss 

Hiss 

Drigalski 

Hiss 

Hiss 

Neutral agar 

MacConkey 

Hiss 

Drigalski 

Hiss 

Neutral agar 

Hiss 
MacConkey 



Colonies 
on Plate 



4,840 

550 

61 

"230 
44 

' ' 610 

230 



107 

3,480 

2,720 

456 

37 

1,688 

280 

1,410 

1,079 

1,310 

14 



Colonies 
Fished 



401 

3 I 
9 J- 63 

81 

3J 
6! 

1r» 

2J 
35; 
6!-49 



33 



16, 

10. 
15 1 15 
16) 



7' 

13; 

6 

is; 

10 

14; 

3 



Typhoid 

Colonies 

Found 



:<:>■) 
11 
4J-30 



!-26 



During the conduct of this experiment, October 25 to November 4, the temperature of 
the air ranged from 6° to 13° C, and of the water, from 9.5° to 12° C. 
i Wells and Scott, Jour. Infect. Dis., 1904, 1, p. 72. 

2 All typhoid-like colonies on Drigalski, MacConkey, and Hiss (0.001) fished. 
3 AU typhoid-like colonies on Drigalski (0.01) and MacConkey (0.1) fished. 
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appearing to take place within the first forty-eight hours after 
inoculation. Two colonies were found on the third day after 
inoculation, but thereafter up to the eighth day, in two sets of 
sacs, no paratyphoid colonies were discovered. These experi- 
ments appear to indicate that the life of this organism in the 
water of the Drainage Canal, although possibly slightly more 
extended than that of the typhoid bacillus, is still very brief. 

TABLE XXIX. 

Drainage Canal at Robey Street. 

Initial colony count sewage bacteria 240,000 

Initial colon bacilli 1,000 

B. paratyphosus, Strain (pt), was added to this sewage in such numbers that each sac 
contained approximately 820,000 paratyphoid bacilli per cubic centimeter. 



Time After 
Inoculation 


Sac No. 


Amount 
Plated 
inc.c. 


Medium 


Colonies 
on Plate 


Colonies 
Fished 


Paratyph. 

Colonies 

Found 




T„ 


0.1 
1.0 
0.1 
0.1 
1.0 

0.1 

0.1 


Hiss 
MacConkey 

Hiss 
Neutral agar 
MacConkey 

Hiss 

Neutral agar 


7,380 

240 

3,040 

2.4E0 

83 

2,200 
860 


16 i 

6 '-6 
6 J- 6 




































' 





During the conduct of this experiment, October 25 to November 4, the temperature of 
the air ranged from 6° to 13° C, and of the water, from 9.5° to 12" C. 

EXPERIMENTS CONDUCTED IN THE ILLINOIS RIVER AT 
AVERYVILLE, ILLINOIS (H. L. R). 

Before giving, the results of the experiment made at this 

station, the following observations, collected on the temperature 

conditions of the river and the stage of water, are presented: 

TABLE XXX. 

Data as to Conditions in River (Stage op Water, Temperature, and 

Turbidity). 



Date 


Temperature 
of Water 

PC) 


Temperature 
of Air 

CC-9A.M.) 


Stage 
(Feet above Low- 
Water Mark) 




n.o 

16.5 
16.0 
16.0 
16.0 
16.0 
14.0 

ii.o 

13.0 
11.0 


11.0 
14.0 

n.o 

15.0 
15.5 
15.0 
11.0 

wio 

8.0 
6.0 


11.7 


October 12 


11.4 


October 13 


11.4 




11.4 




11.3 


October 16 


11.3 


October 19 


11.1 


October 20 


11.0 


October 21 


11.0 


October 23 


11.0 


October 26 


10.8 
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As the matter of temperature is of material importance in 
affecting the vitality of organisms, it should be kept in mind that 
the temperature to which the typhoid organisms were exposed in 
this case was materially below the mean summer heat, and would 
therefore favor the retention of vitality to some extent, as far as 
this factor is operative. Regarding the stage of the river, the 
data show very uniform conditions. The lowest stage noted 
during this summer was about eight feet above low water. At 
the time these experiments were conducted the turbidity in the 
stream was somewhat higher than usual, objects not being visible 
at the depth of a foot or more. 

Three series of tests were made at Averyville, using fresh 
cultures of the three strains of the typhoid organism isolated by 
Professor Jordan, and designated by him as "x," "y," and "z." 

In the "x" series five parchment sacs were infected; in the 
"y" series, an equal number; and in the "z" series, four, making 
in all fourteen different exposures. The "x" and "y" series 
were placed in the river on October 9, 1903, and "z" cultures on 
October 14. Samples were removed from some of the sacs at 
daily intervals until the end of the experiment (October 26). 
The first two series were therefore exposed to the influence of the 
river water for a period of seventeen days, and the "z" series for 
twelve days. 

In addition to these sacs, which were first inoculated with 
river water and then infected with varying amounts of typhoid 
cultures, two other sacs filled with raw water, but uninfected with 
typhoid, were kept under the same conditions as controls. These 
were examined at intervals in order to learn the course of the 
bacterial changes which went on in the parchment sacs when 
filled with the raw water alone. 

It is a well-known fact that when a small quantity of water is 
inclosed in a glass container, a rapid and extensive multiplication 
of water bacteria occurs. Just what forces are responsible for 
this marked proliferation is not fully understood, but the variation 
in experimental conditions which obtained in these experiments 
as to character of container rendered it especially desirable that 
data should be secured on this point. 
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Samples were therefore removed at intervals and plated on 
Drigalski and Conradi's medium. The results of these tests 
showed an increase in number of organisms per cubic centimeter, 
but this was only a few fold and maintained for a brief period of 
time. It was impossible, for lack of time, to make a study of the 
quantitative changes on plain agar, but doubtless it would have 
been greater than here reported. The results for one of these 
control sacs are tabulated below: 



TABLE XXXI. 

Bacterial Content pek Cubic Centimeter op Parchment Sacs Filled 

with Raw Water and Immersed in River. 



No. Days' Immersion 


Period of Incubation of Cultures 


in River Water 


IDay 


2 Days 


3 Days 




4 Days 




1 


6,000 
18,000 

2,700 
20 
90 


5,500 


68,000 




32,000 




2 




5 




7 




9 









From these data it appears that the use of the selective typhoid 
medium (Drigalski and Oonradi) did not succeed in inhibiting 
entirely the growth of some of the water forms, although these 
indigenous species rapidly disappeared when cultivated in this 
medium. Attempts were made in the typhoid-infected sacs to 
obtain some general idea of the rate of bacterial changes. Of 
course, here the problem was complicated by the presence of the 
typhoid forms which are not greatly affected when cultivated in 
this culture medium. The general course of these changes was 
quite similar in all cases. The maximum germ content in such 
cases on Drigalski and Conradi's medium was found at first or 
within a couple of days. After this a rapid decline set in, so 
that, when the sacs were withdrawn from the river at the expira- 
tion of the work, they contained only a very few bacteria capable 
of growing on this medium. 

Ratio of typhoid to indigenous water organisms. — Eeference 
has been previously made to the question of seeding, as to the 
importance of knowing approximately how many typhoid organ- 



The Longevity op the Typhoid Bacillus in Watee 683 



isms were exposed to the water, and the effect which increased 
seedings have on the vitality of organisms. Under the conditions 
of exposure in the river, the ratio of typhoid organisms to the 
bacteria normally present in the river water was very much 
greater than could possibly occur in nature. The extremes have 
been previously given, but the estimated seedings for the differ- 
ent sacs are herewith presented in detail: 

TABLE XXXII. 

Variation in Typhoid Seedings in Different Sacs. 





Series 


'x" 




Series ' 


'y" 


Series 


'z" 




1,000 
2,000 
4,000 
10,000 
20,000 


Sac 6 

7 

8 

9 

10 




1,000 
2,000 
4,000 
10,000 
20,000 


Sac 12 


540 


2 




13 


540 


3 




14 


5,400 


4 . ... 




15 


10,800 


5 















When it is remembered that the normal germ content on plain 
agar at blood heat of the river water at this station ranges from 
60 to 500, it is at once apparent that the extent of typhoid infec- 
tion is here vastly greater than would normally occur under 
natural conditions. 

As a matter of fact, the culture plates made from the infected 
sacs at this station rarely showed the presence of acid colonies. 
When the first series of cultures were prepared, a large number 
of colonies developed, but these fell off rapidly. This fact greatly 
simplified the labor of selecting the presumptive typhoid colonies 
from the plates. In the later stages the colonies became more 
atypical for typhoid and much reduced in numbers. Under these 
conditions relatively large numbers were taken, so as to insure 
finding typhoid if present. 

In making cultures from the water, sets of at least three plates 
were prepared with Drigalski & Conradi's medium, using a some- 
what wide range in dilution ( 1 : 20 to 1 : 2,000 c.c. ) . This per- 
mitted the selection of plates having a satisfactory distribution 
of colonies. As the germ content declined, the amount of liquid 
used in seeding was increased, until, toward the end, plates were 
prepared containing 1 c.c. of water. Ordinarily the plates were 
studied the first day, the supposedly typhoid colonies being fished 
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and inoculated into glucose agar, then incubated. The plates 
were further incubated at 20° C. for another twenty-four hours 
and gone over again. The sugar agar cultures were then inspected, 
all showing gas being thrown out, and the balance sent to 
Madison for further study. The culture methods followed here 
were essentially the same as used by E. O. J. at Chicago, viz.: 
litmus milk, dextrose litmus broth, glucose-free broth for indol, 
and nutrient gelatin. Cultures that showed positive typhoid 
characters on these culture media were then subjected to the 
agglutination test, using a homologous serum of 1:500. They 
were also subjected to a highly potent typhoid serum secured 
from Parke, Davis & Co. In the subjoined tables are given the 
results of the various examinations, including, as far as possible, 
the data as to total number of colonies fished and number found 
to be typhoid. As the entire work of plate -culturing at Peoria 
devolved upon Mr. Hastings, it was impossible for him at times 
to compute the total colony count on each set examined, but the 
data collected are sufficient to show a steady and often quite 
rapid decline in total number of appearing colonies. 

In testing these various sacs emphasis was placed in each 
series on the minimum and maximum seeding. If the typhoid 
organism could be demonstrated in these two extremes, it was, of 
course, highly probable that intermediate seedings would fall 
within these limits. In the "x" series positive results were not 
secured with the frequency noted in the remaining series. This 
was due to the fact that the parchment tubing was soaked in 
river water before being seeded with the typhoid culture. Under 
these conditions it became somewhat fouled with suspended sedi- 
ment, thereby much increasing the germ content of the inclosed 
water for a time. 

It is evident from the data submitted in Tables XXXIII-XXXV 
that the amount of seeding was sufficient to permit of the detection 
of the organism, if it was present at all. The sacs containing one- 
twentieth as many typhoid organisms as the sac seeded with the 
maximum quantity showed in both the "y" and "z" series the 
presence of the organism for as long a period as in any case. 

It was unfortunate that a larger number of the sacs were not 



The Longevity of the Typhoid Bacillus in Watek 685 



tested until after the lapse of several days, but we had no expecta- 
tion that the organisms introduced would die off so rapidly. It 
should be kept in mind that the final records as to whether the 
isolated cultures were true typhoid or not were not made until 
long after the removal of the sacs from the water. Therefore it 
was not possible to check up the earlier gaps in the analytical 
records. During these earlier days the typhoid organisms were 
doubtless more or less abundant, but the much larger number of 
tests made on the greatly reduced germ content of the sacs after 
the first few days, and the practical absence of the introduced 
organism, greatly strengthened the conclusion that the typhoid 
germ had lost its vitality in a relatively short period of time. 

The detailed data that were collected from the examination of 
the various sacs of the three series are presented in the following 

tables : 

TABLE XXXIII. 

Results Obtained prom Cultures Made from Parchment Sacs after 
Varying Periods op Exposure in River Water. 



SERIES INFECTED WITH 



CULTURE. 







Time after 








No. of Sacs 


Dosage of 

Typh. Bacilli 

per c.c. 


Inoculation 

When 

Examined — 

Days 


Total No. of 
Colonies on 
Plates Made 


No. of Colonies 
Fished 


No. of Typhoid 
Colonies 


1 


1,000 


1 


330 


12 


1 




3 


300 


9 









5 


25 


11 









10 


125 


10 





9 


2,000 
4,000 
10,000 


4 
6 


100 


8 
12 





3 





4 


4 


50 


13 







5 




3 









7 


37 


8 





- 


20,000 


1 


75 


6 







3 


25 


13 


2 






5 


12 


9 









6 




8 









7 


200 


7 









10 


100 


12 









12 


540 


12 









14 


288 


11 









17 


1&5 


15 






The results in this first series were not as satisfactory as in 
the remaining series, because of the fouling of the sacs with mud 
before inoculation. The sacs were placed in the river water to 
soak up before they were infected, and some sediment from river 
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water settled on them. The results obtained in these series 
showed the presence of the typhoid organism in sacs containing 
the minimum and maximum amount of typhoid seeding. In the 
latter case, containing 20,000 typhoid bacilli per cubic centimeter, 
nine different examinations were made, ninety-three colonies in 
all being fished from the culture plates. The inoculated organ- 
ism was not found subsequent to the third day. Of this number 
seventy-four colonies were examined after the third day, and in 
no case was any organism found which resembled the typhoid 
germ in culture characters or in agglutinating tests. 

TABLE XXXIV. 

Results Obtained from Cultures Made from Parchmfnt Saos after 

Varying Periods of Exposure in River Water. 

series infected with "y" culture. 



No. of Sacs 


Approximate 

Dosaee of 

Typh. Bacilli 

per c.c. 


Time after 
Inoculation 

When 

Examined — 

Days 


Total No. of 
Colonies on 
Plates Made 


No. of Colonies 
Fished 


No. of Typhoid 
Colonies 


6 


1,000 
2,000 
4,000 
10,000 
20,000 


1 
3 
14 
17 

4 
12 
14 

n 

6 
10 
12 

n 

4 
7 

10 
12 

1 

3 
5 

7 
10 


19 

25 
68 
6 

3,600 
28 
185 
15 

73 
35 
47 

11,500 

44 

160 

10? 

158 
100 

103 
190 


8 
6 
9 

9 
5 

5 
6 

8 
6 
4 

8 

11 

7 

10 
5 

8 
16 

18 
6 
7 


3 


1 


2 





8 









9 









10 






4 




10 






The "y" series was placed in the river at the same time as 
"x." Practically the same results were secured. In all the sacs 
examined up to the third day after immersion, the typhoid 
organism was detected where both light and heavy seeding was 
used. In none of the examinations after the third day (sixteen 
in number) was any evidence found which would lead to the belief 
that this specific germ had retained its vitality in any of the sacs 
for a longer period than three days. 
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TABLE XXXV. 

Results Obtained prom Cultures Made from Parchment Sacs after 

Varying Periods op Exposure in River Water. 

series infected with "z" culture. 



No. of Sacs 


Dosage of 

Typh. Bacilli 

per c.c. 


Time after 
Inoculation 

When 
Examined — 

Days 


Total No. of 
Colonies on 
Plates Made 


No. of Colonies 
Fished 


No. of Typhoid 
Colonies 


12 


540 

540 

5,400 
10,£00 


1/24 
1 
2 
5 
12 

7 
9 
12 

1/24 

7 

1 

2 

5 
10 
12 


50 
360 
350 
100 

4 

7 

53 
6 

1,500 

4,000 

750 

430 

3 


3 
17 
12 

8 
2 

3 
4 

7 

3 
1 

15 
13 
11 
12 

2 


3 


13 

14 


15 
6 







3 





14 




6 

1 




feces was used, the seedings were in each case only about one- 
half of what was employed in the other tests. This test was not 
continued for as long a period as the other two, but the specific 
organism was recovered easily from all tubes examined shortly 
after inoculation, also on the first and on the second day. No 
tests happened to be made between the second and the fifth day, 
but on the tests made on this latter date and subsequently the 
typhoid organism was not found in any case, with one single 
exception. On the ninth day, among twelve colonies removed 
from sac No. 15, containing the maximum amount of typhoid 
seeding, one was found which responded to all the cultural tests 
for typhoid as well as the agglutination test in dilutions of 
1 : 1,000. Examinations made from this same sac on the twelfth 
day showed no similar colonies. It is impossible to explain the 
presence of this single colony, appearing by itself eight or nine 
days later than any other typhoid colonies in this or any other 
sac. It is well known, of course, that the vitality of all individual 
organisms of the same species is not absolutely the same, but it 
seems highly improbable that the appearance of this single germ, 
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among the hundreds of colonies examined subsequent to the third 
day, can be attributed to a protracted retention of vitality much 
beyond the usual period. 



A general summary of the foregoing detailed results, as pre- 
sented in the appended tables, may perhaps aid in the interpreta- 
tion of the analyses, if they are grouped according to the time of 
exposure. In Table XXXVI is shown the typhoid findings in 
the different sacs on the different days in which they were 

examined. 

TABLE XXXVI. 

Number op Typhoid Organisms Recovered prom Different Sacs on 

Different Days. 



Series 


Sac No. 


ID 


2D 


3D 


4D 


5D 


6D 


7D 


8D 


9D 


10D 


11D 


12D 


13D 


14D 


15D 


16D 


17D 


X 


1 

2 

4 


1 

















































2 







































Y 


6 

7. 

8....;.. 

9 

10 


3 

4 


2 




10 














































Z 


12 

IS 

14 


(31 
715 

31 
14 


6 
6 








'6 











1 























Table XXXVII gives the total number of colonies from all 

sacs that were tested from day to day with the typhoid findings ; 

also the distribution of the typhoid findings among the respective 

sacs. 

TABLE XXXVII. 

General Summary of Results Obtained from Examinations op Typhoid- 
Infected Sacs Made on Successive Days. 



Number colonies tested by sub- 
cultures from all sacs 

Number typhoid colonies found 
in various sacs on successive 
days 

Total number times all sacs 
were examined 

Total number times in which 
typhoid colonies were found . . 



1 


2 


3 


4 


5 


6 


7 


9 


10 


13 


14 


16 


17 


72 


25 


44 


41 


61 


28 


32 


18 


46 


38 


25 


14 


15 


43 


12 


14 














1 

















8 


2 


5 


4 


6 


3 


6 


2 


5 


7 


3 


2 


1 


7 


2 


3 














1 


















459 

70 
54 
13 



i Indicates cases where examination was made one hour after examination. 
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From the foregoing tables it appears that there is a striking 
uniformity in the results which have been obtained in all three 
series made with different strains of the typhoid organism derived 
from entirely different sources. In each case the inoculated 
organism persisted in the sacs containing the minimum and 
maximum amount of seeding for the same period of time. 

Vitality was retained as a rule in the waters of the Illinois 
river no longer than an interval of three days after infection. In 
only a single instance was any typhoid germ isolated after this 
period, and that case was on the ninth day. A rational explana- 
tion for the presence of this single colony is not apparent, but, 
in the judgment of the writer (H. L. R.) the presence of this 
particular organism is not believed to have any special signifi- 
cance in the problem under consideration. 

GENERAL CONCLUSIONS. 

1. From the experiments recorded in this paper it appears that 
under conditions that probably closely simulate those in nature the 
vast majority of typhoid bacilli introduced into the several waters 
studied perished within three to four days. 

2. It is theoretically possible that specially resistant cells may 
occur which are able to withstand for a longer period the hostile 
influences evidently present in water. Our experiments, however, 
show that if such resistant individuals exist they must be very 
few in number and constitute only a small fraction of the bacilli 
originally entering the water. 

3. It is not the intention of the writers to claim that the 
behavior of typhoid bacilli under the conditions herein described 
is representative of all conditions obtaining in all natural bodies 
of water. 



